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Structure attributes must be viewed using STN Express query preparation. 



=> s 11 

SAMPLE SEARCH INITIATED 21:08:34 FILE 'REGISTRY' 
SAMPLE SCREEN SEARCH COMPLETED - 10 TO ITERATE 

100.0% PROCESSED 10 ITERATIONS 

SEARCH TIME: 00.00.01 
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FULL FILE PROJECTIONS: 

PROJECTED ITERATIONS: 
PROJECTED ANSWERS: 



ONLINE * * COMPLETE* * 
BATCH * * COMPLETE * * 

11 TO 389 
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=> s 11 full 

FULL SEARCH INITIATED 21:08:52 FILE • REGISTRY' 
FULL SCREEN SEARCH COMPLETED - 155 TO ITERATE 

100.0% PROCESSED 155 ITERATIONS 

SEARCH TIME: 00.00.01 
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=> d 13 1-2 

L3 ANSWER 1 OF 2 REGISTRY COPYRIGHT 2003 ACS on STN 
RN 449764-07-2 REGISTRY 

CN Benzeneacetic acid, 4 - (4 , 9-diethoxy-l , 3 -dihydro-1 , 3 -dioxo-2H- 

benz [f] isoindol-2-yl) - (9CI) (CA INDEX NAME) 
FS 3D CONCORD 
MF C24 H21 N 06 
SR CA . 

LC STN Files: CA, CAPLUS 



3 ANSWER 2 OF 2 REGISTRY COPYRIGHT 2003 ACS on STN 
RN 325780-75-4 REGISTRY 

CN Benzeneacetic acid, 4- (4 , 9-diethoxy-l , 3-dihydro-l-oxo-2H-benz [f ] isoindol-2- 

yl) - (9CI) (CA INDEX NAME) 
FS 3D CONCORD 
MF C24 H23 N 05 
SR CA 
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** PROPERTY DATA AVAILABLE IN THE » PROP • FORMAT** 

3 REFERENCES IN FILE CA (1907 TO DATE) 

3 REFERENCES IN FILE CAPLUS (1907 TO DATE) 



= > fil caplus uspatfull medline etnbase biosis 

COST IN U.S. DOLLARS SINCE FILE TOTAL 

ENTRY SESSION 

FULL ESTIMATED COST 152.71 154.39 

J 

FILE 'CAPLUS' ENTERED AT 21:10:16 ON 26 SEP 2003 

USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT. 

PLEASE SEE "HELP USAGETERMS" FOR DETAILS. 

COPYRIGHT (C) 2003 AMERICAN CHEMICAL SOCIETY (ACS) 

FILE 'USPATFULL' ENTERED AT 21:10:16 ON 26 SEP 2003 

CA INDEXING COPYRIGHT (C) 2003 AMERICAN CHEMICAL SOCIETY (ACS) 



FILE 'MEDLINE' ENTERED AT 21:10:16 ON 26 SEP 2003 

FILE 'EMBASE' ENTERED AT 21:10:16 ON 26 SEP 2003 
COPYRIGHT (C) 2003 Elsevier Inc. All rights reserved. 

FILE 'BIOSIS' ENTERED AT 21:10:16 ON 26 SEP 2003 
COPYRIGHT (C) 2 003 BIOLOGICAL ABSTRACTS INC. (R) 



=> s 325780-75-4/rn 
'RN' IS NOT A VALID FIELD CODE 
'RN' IS NOT A VALID FIELD CODE 
'RN' IS NOT A VALID FIELD CODE 
L4 3 325780-75-4/RN 

=> d 14 1-3 ab bib kwic 

L4 ANSWER 1 OF 3 CAPLUS COPYRIGHT 2 003 ACS on STN 

AB The title compds . [I; Rl = H, halo, alkyl, etc.; R2 = alkyl; R3 = H, O; R4 
= H, alkyl; R5 = alkyl (un) substituted Ph, naphthyl, etc.; R7-R10 = H, 
alkyl, alkoxy, etc.; Rll = H, OH, halo, etc.] which bind with high 
affinity to the EP4 receptor and are of use in the treatment or prevention 
of conditions such as a pain, inflammatory, immunol . , bone, 
neurodegenerative or renal disorder, were prepd. E.g., a multi-step 
synthesis of II which showed pKb of 7.0 or greater in EP4 antagonist 
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**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 

1 REFERENCES IN FILE CA (1907 TO DATE) 

1 REFERENCES IN FILE CAPLUS (1907 TO DATE) 

L3 ANSWER 2 OF 2 REGISTRY COPYRIGHT 2003 ACS on STN 

RN 325780-75-4 REGISTRY 

CN Benzeneacetic acid, 4- (4, 9-diethoxy-l, 3-dihydro-l-oxo-2H-benz [f ] isoindol-2- 

yl) - (9CI) (CA INDEX NAME) 

FS 3D CONCORD 

MF C24 H23 N 05 

SR CA 

LC STN Files: CA, CAPLUS, TOXCENTER 
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**PROPERTY DATA AVAILABLE IN THE 'PROP^ FORMAT** 

3 REFERENCES IN FILE CA (1907 TO DATE) 



assay, was given. 
AN 2002:487529 CAPLUS 
DN 137:63174 

TI Preparation of benzo [f ] isoindoles as EP4 receptor ligands 

IN Giblin, Gerard Martin Paul; Frye, Stephen Vernon; Roomans, Susan 

PA Glaxo Group Limited, UK 

SO PCT Int. Appl., 33 pp. 

CODEN: PIXXD2 
DT Patent 
LA English 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 
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AU 2002017287 A5 20020701 AU 2002-17287 20011220 

EP 1343759 Al 20030917 EP 2001-271356 20011220 

R: AT, BE, CH, DE, DK, ES, FR, GB, GR, IT, LI, LU, NL, SE, MC, PT, 
IE, SI, LT, LV, FI, RO, MK, CY, AL, TR 
PRAI GB 2000-31295 A 20001221 

WO 2001-GB5706 W 20011220 
OS MARPAT 137:63174 

RE.CNT 2 THERE ARE 2 CITED REFERENCES AVAILABLE FOR THIS RECORD 

ALL CITATIONS AVAILABLE IN THE RE FORMAT 
IT 59883-07-7P 59883-08-8P 325780-75-4P 325780-76-5P 
325780 -77 -6P 325780 -78-7P 325780-79- 8P 

RL: RCT (Reactant) ; SPN (Synthetic preparation); PREP (Preparation); RACT 
(Reactant or reagent) 

(prepn. of benzo [f] isoindoles as EP4 receptor ligands) 

L4 ANSWER 2 OF 3 CAPLUS COPYRIGHT 2003 ACS on STN 

AB The invention discloses the use of an EP4 receptor agonist and 

pharmaceutically acceptable derivs . thereof for the manuf . of a medicament 
for the treatment of neuropathic pain, excluding use of 

[4- (4, 9-diethoxy-l-oxo-l, 3-dihydro-2H-benzo [f ] isoindol-2-yl)phenyl] acetic 

acid and pharmaceutically acceptable derivs. thereof. 
AN 2002:465800 CAPLUS 
DN 137:28310 

TI Use of EP4 receptor agonists for treating neuropathic pain 

IN Foord, Steven Michael; Giblin, Gerard Martin Paul; Wilson, Richard John 

PA Glaxo Group Limited, UK 

SO PCT Int. Appl., 17 pp. 

CODEN: PIXXD2 
DT Patent 
LA English 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 
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CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, TR, 
BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG 
AU 2002022191 A5 20020624 AU 2002-22191 20011213 

PRAI GB 2000-30541 A 20001214 

WO 2001-GB5501 W 20011213 
RE.CNT 10 THERE ARE 10 CITED REFERENCES AVAILABLE FOR THIS RECORD 

ALL CITATIONS AVAILABLE IN THE RE FORMAT 
IT 325780-75-4 

RL: PAC {Pharmacological activity); BIOL (Biological study) 
(EP4 receptor agonists for treatment of neuropathic pain) 



L4 
AB 



AN 
DN 
TI 

IN 

PA 
SO 

DT 
LA 
FAN 



PI 



ANSWER 3 OF 3 CAPLUS COPYRIGHT 2 003 ACS on STN 

The present invention relates to the use of an EP4 receptor ligand in the 
manuf . of a medicament for use in the treatment of neuropathic pain, colon 
cancer, migraine, and for increasing the latency of HIV infection. An 
example compd. (I) was prepd. 
2001:114969 CAPLUS 
134 :157579 

Use of EP4 receptor ligands in the treatment of, interalia, neuropathic 
pain and colon cancer 

Clayton, Nicholas Maughan; Collins, Susanne Denise; Foord, Steven Michael; 
Giblin, Gerard Martin Paul 
Glaxo Group Limited, UK 
PCT Int. Appl. , 23 pp. 
CODEN: PIXXD2 
Patent 
English 
CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 
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RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified) ; SPN (Synthetic preparation) ; THU (Therapeutic use) ; 
BIOL (Biological study) ; PREP (Preparation) ; USES (Uses) 

(EP4 receptor ligands in the treatment of, inter alia, neuropathic pain 

and colon cancer) 
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(and their salts and solvates) in which: 



X Is cis or trans — CH=CH — ; 
Is Ci_7 alM terminated by 
^OOR' where R» is H, C,_e alkyi or 
C,.,oaralkvl; 

Y Is a saturated heterocyclic ammo 
group having 5 — 8 ring members; and 

Is alkanoyi, alkenyl 
(optionally substituted), Ci.^^ alkyl, or 
substituted or unsubstituted 
phenylalkyl, thienylalkyi, furanylalkyi, 
biphenylalkyi or naphthylalkyl. 

These compounds inhibit blood 
platelet aggregation and 
bronchoconstrlction and may be 
formulated for use as antithrombotic 
and anti-asthmatic agents. 
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SPECIFICATION 

Aminocyclopentane Alkenoic Acids and Esters arid Their Preparation and Pharmaceutical 
Formulation 

The endoperoxides prostaglandins and Hj, and thromboxane A, are naturally occurring, 
5 reactive metabolites of arachidonic acid In human platelets. They are not only potent aggregatory 5 
agents but are also constnctors of vascular and bronchial smooth muscle, and therefore substances 
which antagonise their effects are of considerable interest In human medicine. 

We have now found a new group of compounds which have shown endoperoxide and 
thromboxane antagonist activity, and are therefore of interest in the treatment of asthma and 
1 0 cardiovascular diseases. These compounds can broadly be described as cycropentanealkenoic acids 1 0 
and esters In which the double bond Is in the 3,4-positlon In relation to the cyclopentane ring and in 
which the ring is substituted by heterocyclic amino, oxo and alkanoyloxy or ether (particularly aralkoxy) 
groups. 

The invention thus provides compounds of the general formula ( 1 ) 



15 



(1) 15 



wherein 

Xisdsortrans— CH=GH— ; ^ 

R' Is straight or branched C^., alkyi bearing as a terminal substituent — COOR^ where R' is a 

hydrogen atom, C,^allcyl or C,_,oaraikyi{e.g. benzyl); ^. ^ ^ ^ „ , . ... 
on Y represents a saturated heterocyclic amino group which has 5 — 8 ring members and (a) 20 

optionally contains In the ring —0—. — S— . — SO^— . — NR* (where R* is a hydrogen atom. C^^, allcyl 

or arallcyl having a C,_4 alkyi portion); anchor (b) is optionally substituted by one or more C,.* alkyi 

groups! 

is (i) Cj - alkanoyi; (ii) C^e alkenyl, optionally substituted by phenyl (the phenyl being 

25 optionally substituted by C,.^ alkyi, C,^ alkoxy, halogen, C^y cycloalkyi or phenyl (C,^) alkyi , 26 
biphenyl (optionally substituted by C,^ alkyi, C^^ alkoxy or halogen), or naphthyl; (lii) C, „ alky ; (IV) 
C,_B alkyi substituted by (a) phenyl loptlonaliy substituted by halogen, hydroxy, Ci_e alkyi, C,^ alkoxy, 
C, - hydroxyalkoxy, trifluoromethyl, cyano, aryloxy {e.g. phenoxy), C^j cycloalM. aralkoxy (e.g. 
benzyloxy), dimethylaminomethyl, carboxamido (— Cd^HJ, thiocarboxamldo (— CSNH J, C^_^ 

30 alkanoyi, — NR W (where ff* and R" are the same or different and are each a hydrogenalom or C,^ 30 
alkyi or where — NRW is a saturated heterocyclic amino group as defined above for Y), C,_3 alkylthio, 
C, a'alkylsulphinyl, C^_3 alkylsulphonyl, phenylalkyi having a C^^g alkyi portion, aminosulphonyl, C,_3 
alk^noylamlnosulphonyl, phenyisulphonyl (the phenyl portion being optionally substituted by C,_3 alkyi 
or C, . alkoxy), nitro, or thienyl], (b) thienyl or furany! [the thienyl and furanyl groups being opif onalljf 

35 sub^uted by C,^ alkyi, C,_, alkoxy, aryl (e.g. phenyl) or phenyl (C,_^ alkyi or phenyl {C,^)-alkoxy (the 35 
aryl or phenyl group in each case being optionally substituted by C^^g alkyi, C,_3 alkoxy or halogen), 
aryloxy (e.g. phenoxy, C^.^ cycloalkyi, halogen, nItro or thienyl], (c) biphenyl (optionally subst tuted by 
phenyl or one or two C,^ alkyi, C,^ alkoxy or halogen substltuents), or (d) naphthyl (optionally 
substituted by C,^ alkyi. C,^ alkoxy or halogen); , ^ ^ * 

40 and the physiologically acceptable salts and the solvates (e.g. hydrates) thereof- 40 
The structural formulae herein are to be understood to include the enantiomers of each of the 
' compounds concerned as well as mixtures of the enanttomers, including racemates, even though the 
precise structure as set out only relates to one enantiomer. 

The alkyi groups referred to above in the definition of the compounds.of fbnnula (1) may be 

45 * straight or branched. - u*^. ^ 

The alkyi portion of the group R^ may for example contain 1—5 carbon atoms in a straight or 
branched chain, and is preferably — CHaCH^— . Examples of suitable R' groups are C,.3 alkyi (e.g. 
methyl), but R^ Is preferably a hydrogen atom. R^ is thus preferably — (CHij^COOH. 

When R^ is a hydrogen atom, the compounds are capable of salt formation vwth bases and the 
50 compounds are preferably used In the form of such salts. Examples of sultabte salts are alkali m^^^^ 50 
(e.g. sodium and potassium), alkaline earth metal (e.g. calcium or magnesium), ammonium, substituted 
ammonium {e.g. tromethamine or dimethylaminoethanol), piperazlne, N,N-dimethylplperazine, 
morpholine, piperidine and tertiary amino (e.g. triethylamlne) salts. Inorganic salts are prefenred. 
Xlspreferablyacis—CH=CH— group. u • 

55 The heterocyclic amino group Y may for example have a 5, 6 or 7-membered nng, e.g. 55 
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pyrrolidino, piperidino, morpholino, piperazfno, thiamorpholino. 1-dioxothiamorpholino, 
homomorpholino and hexamethyleneimino. Examples of the optional substituents which may be 
present in a second nitrogen atom in the ring are methyl, ethyl and benzyl. The carbon atoms of the 
heterocyclic rings may for example be substituted by methyl or ethyl. Y is preferably piperidino, 
5 morpholino, homomorpholino, thiamorpholino or 1 -dioxothiamorpholino, and compounds in which Y is 5 
a morpholino or piperidino group are particularly preferred. 

The amino group Y enables the compounds to form salts with organic acids, e.g. maleates. 
may for example be Cg^^o alkyl (e.g. pentyl or decyl); alkenyl (e.g. ally!, optionally 
substituted by phenyl); or C,^ alicyl (e.g. methyl or propyl) substituted by phenyl [optionally substituted . 
10 by a C,_4 alkyl (e.g. tert butyl), C^y cycloalkyl (e.g. cycloh^l), C,^ alkylthio (e.g. methylthio), phenyl 1 0 
(C^^ alkyl (e.g. benzyl) or thienyl], f uranyl or thienyl (optionally substituted by a phenyl group), 
biphenyl [optionally substituted by C^_3 alkyl (e.g. methyl), C^_3 alkoxy (e.g. methoxy), halogen (e.g. 
chlorine) or phenyl], or naphthyl. 

is preferably a phenylalkyi group in which the alkyl portion contains carbon atoms and the 
1 5 phenyl is substituted with one of the following groups: C,_3 alkylthio, thienyl or phenyl optionally .15 
substituted by C|_3 alkyl, C,_3 alkoxy; halogen or phenyl; or Is thienylalkyi in which the alk/l portion 
contains 1 — 3 carbon atoms and the thienyl group is substituted by a phenyl group; or cinnamyl. 

Particularly preferred R^ groups are phenylalkyi groups in which the alkyl portion is a C,_3 
alkylene chain and the phenyl group carries a phenyl substltuent, preferably In the para-position (which' 
20 phenyl substltuent is optionally substituted by a alkyl, C,_3 alkoxy or halogen, this additional 20 
substituent preferably being in the meta or more particulariy the para-position); or thienylmethyl group 
(particularly a 4-thienylmethyl group) substituted by a phenyl group, which substituent is preferably In 
the 2-position; or cinnamyl. 

A particularly preferred group of compounds has the formula ( 1 ) In which: 
25 Xlscis— CH=CH— , 25 
Is— CH^CHjCOOH, 
Y is morpholino or piperidino, and 

R' Is phenyl (0,^3) alkyl in which the phenyl group is substituted by phertyi (which phenyl 
substituent is optionally sufc»stltuted by ^ alkyl C,^ alkoxy or halogen); phenylthlenylmethyl; or 
30 ctnnamyi, 30 
and the physiologically acceptable salts and solvates (e.g. hydrates) thereof. 

Particularly important compounds in this latter group are those In which Y is morpholino and R^ is 
1 ,1 '-biphenylmethyl; 1 ,1 '-biphenylmethyl substituted in the para-position by methyl, methoxy or 
chloro or in the meta-positlon by methoxy; 1 ,1 '-biphenylpropyl; 2-phenylthien-4-ylmethyl; or cinnamyl; 
35 and those in which Y is piperidino and is 1 ,1 '-biphenylmethyl or 4'-methoxy-1 ,1 '-biphenylmethyl. 35 
j^edally Important are: 

[1 ar(Z),2p,5cd-(±)-7-[5-[[{1 ,1 '-biphenyl)-4-yl]methoxy]-2-(4-morpHolinyl)-3-oxycyclopentylH- 
heptenolc acid; and 

[1 R-[1 a(Z),2^,5a]]-{-)-7-[5-[[(l ,1 '4)iphenyl)-4-yl]metiioxy]-2-(4-morpholinyl)-3- 
40 oxocyclopentyl]-4-heptenoic acid; and the hydrates and salts thereof, particulariy the calcium, 40 
piperidino, piperazine and N,N-dlmethylpiperazine salts. The calcium salts are particulariy important 

In general, the compounds of formula (1 ) in which the carbon atom carrying the — (CH2)2XR^ 
group is in the Reconfiguration (and mixtures containing this isomer) are preferred. 

(Compounds of forrriula (1 ) inhibit blood platiet aggregation and bronchoconstriction. The test for 
45 inhibition of platelet aggregation is as described by G. V. Born In Nature f94, 927 — ^929 (1 962) except 45 
In that collagen is used instead of ADR as the pro-aggregatory agent The test for potential inhibition of 
bronchoconstriction is as described by K. M. Lullch et al In British Journal of Pharmacology 58, 71 — 
79, (1 976) except guinea-pig lung is used instead cat lung. 

The compounds are thus of interest in the treatment of asthma, and as Inhibitors of platelet 
50 aggregation and thrombosis for use in renal dialysis and the treatment and prevention of occlusive 50 
vascular diseases such as arteriosclerosis, atherosclerosis, peripheral vascular disease, cerebral 
vascular disease Including transient ischaemic attacks, stroke, pulmonary embolism, diabetic 
retinopathy, post operative thrombosls,angina and myocardial infarction. They may be formulation in 
conventional manner for use, with one or more pharmaceutical carrlere. 
55 For oral administration, the pharmaceutical composition may take the form of, for example, ' 55 
tablets, capsules, powdere, solutions, syrups, or suspensions prepared by conventional means with 
acceptable excipients. 

The compounds may be formulated for parenteral administration by bolus injections or 
continuous infoslon. Formulations for Injections may be presented In unit dosage form in ampoules, or 
60 in multi-dose containers, with an added preservative. The compositions may take such forms as 60 
suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain formulatory agents 
such as suspending, stabilising and/or dispersing agents. Altematlvely, the acth/e ingredient may be in 
powder form for reoonstitution before use with a suitable vehicle, e.g. sterile pyrogen-free water. 
For administretion by Inhalation the compounds are convenientiy delivered in the form of an 
65 aerosol spray presentation from pressurised packs or a nebullser, or as a cartridge from which the 65 
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powdered composition may be inhaled with the aid of a suitable device. In the case of a pressurised 
aerosol the dosage unit may be determined by providing a valve to deliver a metered amount 

For use as antithrombotic agents, the compounds are preferably administered orally. for example 
in amounts of 0.05 to 1 0 mg/kg body weight, 1 to 4 times daily, 
g For use in the treatment of asthma, the compounds may also be administered orally in amounts 5 

of 0.05 to 1 0 mg/kg body weight, 1 to 4 times daily; preferably however they are administered by 
inhalation at doses varying from 0.3 to 30 mg, 1 to 4 times daily. The compounds may be used in 
combination with other antiasthmatic agents. 

The precise dose administered will of course depend on the age and condition of the patent 
^ 0 Suitable methods for preparing compounds of formula ( 1) are described below. 10 

In the following discussion, the groups R\ R^ R^, X and Y are as defined above except where 
otherwise indicated. 

(a) Compounds of formula (1 ) may be prepared by oxidising a corresponding hydroxy compound, 
e.g. a compound of formula (2) 

flR2 



15 



15 



(wherein Is C^_y alkyi substituted by — COOR^— CHjOH or— CHO), 

Suitable methods of oxidation Include using a Cr^* oxidising reagent in a suitable solvent, e.g. 
chromic acid in acetone (e.g. Jones reagent, preferably used in the presence of a diatomaceous silica 
such as Celite) or CrOg In pyridine. These reagents are for example used at temperatures of —20** to 
20 room temperature. 20 
Other important methods include using an activated sulphur reagent, e.g. (i) N- 
chlorosuccinlmldedlmethylsulphlde complex In a suitable solvent (e.g. toluene or dichloromethane) at 
temperatures of for example -25 to 25^, preferably at 0—5**, (ii) a dimethylsulphide (e.g. 
dimethylsulphoxide) activated by a suitable electrophillc reagent (such as oxalyl chloride, acetyl 
25 bromide or thionyl chloride) in a suitable solvent (e.g. toluene or dichloromethane), e.g. at -70 to 25 
—20°; dicyclohexylcarbodiimide can also be used as the electrophillc reagent (preferably in the 
presence of CF3COOH or its pyridinium salt) at for example —1 0° to room temperature, using the same 
solvents, or (ill) pyridine — SO3 complex in dimethylsulphoxide, preferably at 0** to room temperature. 
When R3 is a hydrogen atom, better yields are sometimes obtained by prior protection of the 
30 carboxyl group, for example In the form of a trialkyi (e.g. trimethyl, triethyl or dimethyl (11- 30 
dlmethyiethyl))silyl ester. 

Cr^* oxidising agents are generally preferred. The choice of oxidation method however will depend 
on the nature of the starting material of formula (2). Thus when R^» is — CHjOH or — CHO, a Cr^ 
oxidising agent will generally be used. When Y is in the a-configuration conditTons should be chosen to 
35 effect epimerisation, either at the same time or after oxidation. 35 
Any hydroxy or amino group present in the starting material and required In the end product 
should be suitably protected In this reaction. 

(b) Compounds of formula (1) in which R^ is an alkyI or aralkyl group can be prepared by 
esterification of the conesponding cartwxylic add in which R^ is a hydrogen atom, reaction with a 
40 diazoalkane being preferred. 40 
Alternatively, the acid may be converted Into an activated derivative (e.g. a corresponding mixed 
.anhydride) e.g. by reaction with an alkyI chlorofbnmate (e.g. isobutyl chloroformate) In the presence of a 
suitable base. e.g. triethylamine or pyridine. The activated derivative can then be reacted with an 
appropriate alcohol, for example using a solvent such as acetone and temperatures of -10** to room 
45 temperature. 

|c) Compounds of formula (1 ) In which R^ Is phenalkyi substitutod by amino may be prepared by 
reduction of the corresponding azide, for example using zinc and sodium dihydrogen phosphate {e.g. in 
tetrahydrofuran). 

(d) Compounds of formula (1 ) may also be prepared by selective reduction of a corresponding 

50 compound of formula { 1 ) in which X is an acetylene group. These Intermediates are also novel 50 
compounds. Suitable methods of reduction include using hydrogen In the presence. of a catalyst, e.g. 
palladium on a support (e.g. CaCOg or BaSOJ and poisoned for example by lead or pyridine. Suitable 
solvents include ethyl acetate or methanol. 

(e) Where salts of compounds of formula (1 ) are desired such salts may be formed by 

55 conventional methods, for example by treating acids of formula (1 ) with appropriate bases. Salts may . 55 
also be formed with acids. 
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The salts may be formed In conventional manner. For example, amine salts are conveniently 
prepared by adding the amine to a solution of an acid of formula (1 ) in a solvent such as ether. Salts of 
inorganic bases may be prepared by adding the base to a solution of the acid In an aqueous organic 
solvent Certain salts may also be prepared by exchange of cation; for example, calcium salts may be 
B prepared by addition of a calcium salt (e.g. the chloride or acetate) to a solution of a salt of a compound 5 
of formula (1 ), e.g. an amine or alkali metal salt 

The principal intennediates required for the reactions described above may be prepared by the 
following methods. 

It w\\ be appreciated that the following reactions will frequently require the use of, or will 
1 0 convenientiy be applied to, starting materials having protected functional groups. It is to be understood 1 0 
generally that the references below to specific starting materials are Intended to Include references to 
corresponding materials having protected functional groups. 

It will also be appreciated that certain of the reactions described below are capable of affecting 
other groups in the starting material which are desired In the end product and account must be taken 
15 ofthlswhen performing multi-stage reactions. * 15 

(f) Compounds of formula (3) 




(3) 



(where is as defined above for R' where R' is a hydrogen atom) may be prepared by reacting a 
compound of formula (4) 



20 




(4) 20 



virrth an appropriate WIttfg reagent e-g, a phosphorane of formula I^^CHR^ (where R^ is C^^ alkyi or 
aryl, e.g. nrranocyclic aryl such as phenyl) or a salt thereof, e.g. the potassium salt Suitable reaction 
solvents Include hydrocart>ons (e.g. benzene and toluene), ethers {e.g. tetrahydrofuran), 
dialkylsulphoxides (e.g. dimethylsulphoxide), alcohols and halogenated hydrocarbons. The reaction 

25 may be cam'ed out at any suitable temperature from -70** to 50°C, preferably at room temperature. 25 
The reaction is particulariy suitable for the preparation of compounds in which R^ is terminally 
substituted by — COOH (In salt form). Any hydroxy group present is preferably In a protected state prior 
to this reaction. Suitable hydroxyl protecting groups are described below. Any — NH^ group present 
should also be protected, e.g. by t-butoxycaibonyl. 

30 If desired, the configuration of the group X and R^ and R^ may then be modified to provide other 30 
compounds of formula (2) e.g. by methods (I)— (o) below or |b) or |c) above. 

The starting materials of formula (4) may be prepared by the following sequence: 



H0^2 
iS) 




14) 



A lactol of formula (5) is treated with an appropriate \A/ittig reagent (e.g. R|P=CHOR^ where R^ is 
35 as defined above and R° is C,_4 alkyI) to give the vinyl ether (6). The reactions may be performed as 36 
described for process (f). The vinyl ether (6) is then hydrolysed to give the aldehyde (4), for example 
using a dilute acid such as hydrochloric acid. Acetone Is a suitable solvent 
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Lactois of the formula (7) 




(7) 



may be prepared by the method described in British Patent Specification 2,028,805A, using starting 
materiais containing the appropriate group. 
5 Lactois of formula (8) 6 




(8) 



required as starting materials may be prepared by the following sequence: 






18) 



(R** above represents a hydroxy! protecting group). Thus the norbomanone (9) is first reduced (e.g. with 
1 0 NaBHJ to the alcohol (tO) into which the R* group is then Introduced (e.g. by reaction with R^U where 1 0 

L is a leaving group, e.g. halogen or tosylate) to give the compound (It). The protecting group (RT Is 

then removed and the hydroxy group oxidised (e.g. as described for process (a)) to gh/e the 

norbomanone ( 1 2). The latter can then be converted into the lactol (8) by Baeyer-Villlger oxidation 

followed by reduction (e.g. with dl-isobutyl aluminium hydride). 
1 5 (g) Compounds of formula (2) in which the groups Y and OH are both in the ^-position may be 15 

prepared by reducing the corresponding compound of fbmiula (1 ), e.g. with lithium tri-sec-butyl 

borohydride. ^ , 

(h) Compounds of formula (2) In which R^» contains — CHaOH may be prepared by reducing the 

corresponding acid or ester of formula (2) or (1 ), B.g. with LIAIH4. 
20 ' (I) Compounds of formula (2) In which R^» contains — CHO may be prepared in the same manner 20 

as generally described for process (f) by reacting a compound of formula (4) with a phosphorane of 

formula RJP=CHR^» in which R^« is C^^^ alkyi substituted by a protected formyl group (e.g. acetal). 

'Removal of the protecting group then gives the required formyl Intermediate. 

(k) Compounds of formula (2) In which Y is In the cr-configuration and the ring hydroxy group Is In 
25 the )}-configuration may be prepared by epimerising the corresponding compound in which the ring 25 

hydroxy group is in the a-position. This may for example be effected with triphenylphosphine in the 

presence of an acid (e.g. formic or benzoic acid) and {Cjr\fiOC . N), at a low temperature. 

Tetrahydrofuran is a suitable solverrt. 

(I) The acetylenes required as starting materials for process (d) may be prepared by first reacting a 
30 compound of formula (7) with a Wittig reagent (RJP=CBrf^ ^), as described above for process (fl. The 30 

product is then dehydrobrominated to form the side chain acetylene group, and the ring hydroxy group 

then oxidised, as described for process (a). 

(m) Compounds of formula (2) in which X is trans— CH=CH— may be prepared by isomerising 
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the corresponding cis compound. The isomerisation may for example be effected by treatment with, for 
example, p-toluene sulphinic acid in dioxan (e.g. at reflux) or azobislsobutyronitrlle and thiophenol, 
using for example a hydrocarbon solvent (e.g. benzene) and any suitable temperature up to reflux. 

(n) Compounds of formula (2) In which Is phenalkyi substituted by — CH2N(CH3)2 may be 
5 prepared by treatment of the corresponding formyi compound with dimethylamine in the presence of 5 
a reducing agent, e.g. sodium cyano borohydride. The starting materials for this reaction may be made 
by the general method (f). 

(o) Compounds of formula (2) In which is phenalkyi substituted by — CONH, or — CSNH2 and 
R^ Is hydrogen may be prepared from the corresponding cyano compound by hydrolysis or 
1 0 hydrosulphidation, e.g. with sulphur in the presence of a reducing agent 10 

(p) Compounds of formula (2) in which R^ is phenalkyi substituted by alkylsufphinyl or 
alkylsulphonyl may be prepared by oxidation of the corresponding alkylthio compound with a peracid, 
for example peracetic acid at room temperature. 

(q) Compounds of formula (3) in which — OR^ is an ether group and Y is in the )3^nflguratJon 
1 5 may be prepared by etheriflcation of the corresponding hydroxy compound In which R^ is a hydrogen . ^ 5 
atom. The reaction may for example be performed with an appropriate reagent R^L (L Is as defined 
above), for example by reaction at room temperature in the presence of a suitable base (e.g. sodium 
hydride) In a suitable solvent (e.g. dimethyKbrmamide). 

(r) Compounds of formula (3) in which R^ is an alkanoyi group and Y Is in the ^-configuration may 
20 be prepared by acylation of the corresponding hydroxy compound, for exaniple with the appropriate 20 
alkanolc acid or an anhydride or halide thereof. . 

Any other hydroxy group present in the starting material used in process (q) or (r) should be 
protected in this reaction, as should the — COOH group in compounds In which R^ is a hydrogen atom. 

Suitable starting materials of formula (16) for processes (q) and (r) above may be prepared by- 
25 the following sequence: 25 




A lactol of formula ( 1 3), in which — OR*^ is a protected hydroxy group Is first treated with a Wittig 
reagent to give the vinyl ether (14), which is then converted Into the aldehyde (1 5) by treatment with 
mercuric acetate. These steps are performed in the same general way as for the preparation of 
30 compounds of formula (4). The compound of formula ( 1 6) may then be formed from the aldehyde (15) 30 
by method of process (f). 

The preparation of the lactols (1 3) Is described in British Patent Specification 2,028,805A. 

As an alternative to the formation of the ether group by process (q). it may be formed at an eariier 
stage, by etherification of the compound of formula (14). 
35 (s) Compounds of formula (2) may also be prepared by modifying the corresponding compound in. 35 
which Y Is —NH2. 

This reaction may be performed by treating the starting material with a compound of the formula 
IPPZ, where Z Is a readily dispiaceable group (such as halo, e.g. iodo, or hydrocarbylsulphonyloxy, e.g. . 
p-toluenesulphonyloxy) and R^ Is the appropriate divalent group (e.g. — {CH2)2S{CH2)2 — ^).The reaction 
40 may be earned out in a solvent such as acetonitrile or methanol at reflux. In the presence of a suitable 40 
base, e.g. potassium carbonate or sodium bicarbonate. 

The amines required as starting materials for process (s) may be prepared by reduction of the 
corresponding azide, for example as described for process (c). 

The azide starting materials may be prepared by methods analogous to those for preparing the 
45 compounds of formula (3), using reagents in which Y is an azido group. In particular, the preparations 45 
of lactols of formula (7) in which Y is azido is described in British Patent Specification 2,028,805A. 

If desired, modification of the group R^ or the configuration of the double bond may be effected 
before the formation of the group Y by process (s). The amino group may need to be protected in such 
transformations. 
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In the preparation of the intermediates the ring hydroxy group wilt often l^e protected and the 
liberation of this (or any other hydroxy group present) will frequently be the last step in the 
preparation. Conventional methods of protection may be used, protection in the form of dimethyl-1,1- 
dimethylethyl-sllyloxy or tetrahydropyranyloxy groups being preferred. These groups may be removed 
5 by acid hydrolysis. Hydroxy groups may also be protected in the form of alkanoyloxy groups having up 5 
to 7 carbon atoms, e.g. acetoxy. These groups may be removed by alkaline hydrolysis. 

When a specific enantiomer of formula (1 ) is required, intermediates having the required 
stereochemical configuration should be used In the above processes. For example, enantiomeric 
bromohydrin (17) 



0 



10 . 




10 



can be prepared by the method described by Newton et al in J.C.S. Chem. Comm., 1 979, 908. This can 
then be converted Into a compound of formula (I) in which the carbon atom carrying the — {CH2)2XR^ 
group is in the (R)-oonfiguration, via the appropriate enantiomer of the lactol (7), using the methods 
described above. 

1 5 The following examples Illustrate the invention. "Jones reagent" is a solution of chromic acid and 1 5 

sulphuric add in water. A 2.67M solution contains CrO, (26.7 g) and concentrated H2SO4 (23 ml) 
made up to 1 (X) ml with water. 

Temperatures are In **C. The following abbreviations are used: 

TLC — thin layer chromatography using SIOj; PE — petroleum ether (boiling at 40 — 60** unless 
20 otherwise stated); DfBAL— diisobutylaluminlum hydride; THF— tetrahydrofuran; DMF — 20 
dimethylfbrmamide; ER--ether; EA— ethyl acetate; DMSG— dimethylsulphoxide. Chromatography 
was canied out using silica gel unless otherwise stated. 'Dried' refers to drying with MgS04. 'Hyflo' is a 
filtration aid. 

Intermediate 1 

25 {mdo, a/if/)-(±)'5-hydroxy-7-(4-morpholinyl)blcyclo[2.2.1]heptan-2-one 25 
A mixture of (e/?(/o,a/7&')-5-acetyl-7-(4-morpholinyl)bicyclo[2.2.1]heptan-2-one (1 64 g) and 5N 
NaOH solution (750 ml) was stirredfbr 3 h and then extracted with CH2CI2 (4x500 ml). The dried 
organic layers were evaporated in vacua to give a semi-solid. Trituration with ER (500 ml) gave the Me 
compound (83 g) as prisms, m.p. 1 1 9 — 121 ®. 



30 Intermediate 2 30 

a) (en</o,0i?fr>(±)-5-[[(1,1'-biphenyl-4-yl]methoxy]-7-(4-mor^^ 
one 

To a solution of Intermediate 1 (10.5 g), 1-(bromomethyl)-1,1'-biphenyl (13.6 g) and 
benzyltriethyl ammonium chloride (1 .14 g) In CH2CI2 (200 ml) was added 1 7N NaOH (1 00 ml) and the 
35 mixture stirred vigorously for 1 8 h. The layers were separated and the aqueous layer extracted with 35 
CH2CI2 (3x 1 00 ml). The combined organic layers were washed with water (200 ml), dried and 
evaporated in vacuo. The residue was crystallised from Iso-propyl acetate to give the tit/e compound 
(1 5 g) as prisms, m.p. 1 49.5 — 1 51 .5*'. The following compounds were prepared by a similar procedure. 

b) ^e/7(/o^a/7&V(±)-5-[4-methoxy(phenylmethoxy)]-7-(4-morphollnyl)blcyclo[2.2.1]heptan^^ 

40 • m.p. 109 — 1 1 1 °, from Intermediate 1 and p-methoxybmzyl bromide. Purification by chromatography 40 
using 3:1 ER-PE through to 5:1 ER-methanol as eluent. 

,(±)-4-[(e/></o,e/7cto,anf/)-2- [[(1,1 '4}iphenyl)-4^l]methoxy]-5-[(tetFahydro-2H-pyran-2- 
yl)oxy]bicyclo[2^.1]heptaiv7-yl]morphollne 

m.p. 109 — 110^ from Intermediate 27. Purification by chromatography using 7:3 ER-PE as eluent 

45 d) (m</o,aiil7l-(±)-5-[[(1 ,1 '4>iphenyl)-^yl]methoxy]-7-(1 -piperidliiyi)bicyclo[2.2. 1 ]heptan-2-one 45 
m.p. 89 — ^91 ^ form Intemnediate 57. Purification by chromatography using 3:2 PE-ER as eluent 

Intermediate 3 

a) {endo,anti)A±)•S-ll{^,^ '-biphenyl)-4-yI]methoxy]-8«(4-morpholinyl)-2-oxablcycIo[3.2.1]octan- 
3-one 

50 38% Peracetic acid in acetic acid (20 ml) was added dropwise over 1 0 min to a stin^ed solution of 50 

Intermediate 2a (12.5 g) In CHjCij (60 ml) maintained at 12—1 5®. Stirring was continued at 1 5— 20<» 
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for 24 h, the mixture then cooled to 5^ and treated with a solution of Na2S03 (25.1 g) in water (125 
ml) whilst maintaining the temperature below 20^. Isopropyl acetate (90 ml) was added and the 
aqueous phase was separated. The organic phase was extracted with 1 N NaOH (60 ml) and water 
(2x60 ml), then dried and reduced in volume to about 35 ml. On cooling to 20° the trf/e compound 
6 crystallised and was collected and dried (6.25 g), m.p. 137 — 139°. 5 
The following compounds were prepared by a similar procedure: 

b) (0fM/o,aiitA-(±)-6-[4-methoxy(phenylnriethoxy]-8-(4- morpholinyl)-2-oxabicyclo[3.2.1 ]octan-3- 
offie 

m.p. 1 58 — 1 60°, from Intermediate 2b. Purification from CH2CI2 — PE. 

10 c) (efii/o,8/itrH±)-6-[[(1.1''^iphenyl)-4^l]methoxy]-^ 10 
one 

m.p. 88 — 90° fix)m Intenmediate 2d. 

d) (eiicto,0nfi)-(±)-6-decyloxy-^4-morpholinyl)-2-oxabicyclo [3^«1 ]octai^-one 
m.p. 59 — 61 °, from intermediate 80. Purification from PE. 

15 Intermediate 4 ^ 15 

a) (1 cr«2j3^a,5£r)-(±)-5-[[(1 A '-biplieiiyl)-4^]methoxyl-3-hydroxy-2-(4. 
morpholinyDcydopentane Acetaldehyde 

OIBAL in hsxane (1 .4 M; 6.9 ml) was added dropwise to a solution of Intermediate 3a) ( 1 .9 g) in 
dry CH2CI2 (30 ml) under nitrogen at —70°. Stirring was continued for 2 h at —70° when methanol 
20 (50 ml) was cautiously added and the mixture then allowed to come to ambient temperature and 20 
stin^d for a further 3 h. The mixture was filtered through hyflo and the filtrate evaporated In vacuo. The 
residue was taken up into CH2CI2 (50 ml), dried, filtered and concentrated to give the title compound as 
a glass (1.8 g)-. 

I.R. (CHBrg) 3580, 1 7l 8 cm-\ 
25 The following compounds were prepared by a similar procedure: 25 

b) (1 a.2j5^a.5aH±)--3-hydroxy-544-methoxy(phenylmethoxyH-2-(4-mon>ho 
Acetaldehyde 

from Intemnediate 3b. Purification by chromatography using 98-.2 CHCIa-methanol as eluent 
TLC 95:5 CHCIs-mejthanol Rf 0.8. 

30 c» (1 a,2a,3ar,5a)«(±)-5-[I(1 A '-blphenyl)-4^l]methoxy]-3-hydroxy-2-(4- 30 
morpholinyDcydopentane Acetaldehyde 
m.p. 136 — 138° from Intermediate 30. 

d) (3aa.4a,5p,6aar)-(+)-hexahydro-5-[(tetrahydro-2H-pyran-2-yl)oxy]-^ 
cyc!openta(b) furan-2-ol 

35 liom Intermediate 55a. 35 
TLC 9:1 Benzene-methanol Rf 0.25. 

e) (1 cr,2j3,3ar,5a)-{±)-5-[[{1 ,1 ' -biphenyi)-4-yl]methoxy]-34iydroxy-2-(1- 
piperidinyDcyciopentane Acetaldehyde 

from Intermediate 3c. TLC 85:1 5 ER-methanol Rf 0.38. 

40 f) (3aa,4a,5^,6aaM±)'hexahydro-4-(hexahydro-1,4^xazepin-4^i)<-5-[(tetrahydr^ 40 
yl)oxy]-2H-cyclopenta(b)furan-2-ol 
from Intermediate 55b. TLC 9:1 ER-methanol Rf 0.3 1 . 

g) (1 a^p,3a,5a)-(±)-5-decyloxy-3-hydroxy-2-(4-morpholiiiyl)cyclopentane Acetaldehyde 

from intermediate 3d. TLC (SiO,) EA R, 0.2 1 . 

45 Intermediate 5 45 
a) (1 a^^,3(ir,4a)-(±)-4.[[(1 ,1 '-biphenylM.yl]methoxyl-^3Hnethoxy-2-propenyl)-2-(4. 
morpholinyOcyclopentanoi 

To a cojd (0°) stin'ed solution of potassium te/t-butoxide (1 .55 g) in dry THF (40 ml) under 
nitrogen, was added portionwise (methoxymethyl)triphenyl phosphonium chloride (4.72 g). The 

50 resulting suspension was stirred fbr 26 min whereupon a solution of Intermediate 4a) (1 .82 g) in dry 50 
THF (1 5 ml) was added dropwise. Stirring was continued at room temperature for 1 .5 h. The reaction 
mixture was poured into brine, the pH adjusted to 6.5, and the mixture extracted with EA. The dried 
extracts were evaporated to leave a viscous oil. This crude material was flash chromatographed on 
silica. Eluting with 95:5 EA-methanol and recycling of the impure fractions gave the title compound as 

55 an oil ( 1 .29 g). IR (CHBr,) 3950 (br), 3540, 1 668 cm"'. 55 
The following compounds were prepared in a similar manner. 
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b) (1 a,2a,3^.4a)-(±)-2-(3-methoxy-2-propenyl)-4- [(tetrahydro-2H-pyran-2-yl)oxyl-3-(4- 
thiomorpholinyDcydopentanol 

from Intermediate 4d. Purification by chromatography using ether as eluent TLC ER Rf 0.28. 

c) (1 a^a,3)5,4a)-(±)-2-(3-methoxy-2^>ropenyl^-3-(1•i>lp8ridlrIyl^^[Ctetrahy 

5 yl)oxy]cyclopentanol g 
from (3aa,4a,5^,6aa)-(±)-hexahydro-4-( 1 -piperldinyl)-5-[(tetrahydro-2H-pyran-2-yl)oxy]-2H- 
cyclopenta(b)furan-2-ol. TLC 4:1 EA-methanol Rf 0.22. 

Intermediate 6 

(1 a^/),3<x,5aH±)-&-[[(1 ,1 '-biphenyl)-4^l]methoxy]-3-hydroxy-2-(4-morpholinyl)cyclopentane 
10 PropanaL Hydrochloride 10 
Intenmediate 5a (1 .835 g) was dissolved in 1 :1 aceton^0.5N H2SO4 (65 ml) and was left 
standing ovemight at room temperature. The acetone was evaporated and the residue treated with 8% 
i NaHCOg solution and extracted with EA. The dried extracts were evaporated to give a foam (1 .73 g) 
which was dissolved in ether and treated with ethereal hydrogen chloride. The titte compound was 
1 5 filtered off and dried, m.p. 1 69 — 1 72®. 15 

Intermediate 7 

a) (1 a.2a,3^.4a)-{±)-2-(3-methoxy-2-propenyl)-3-(4-morphoiinyl)-^[|tetrahyd 
yDoxylcyclopentanoL Acetate (Ester) 

To a cold (0®) stinred solution of potassium fe/t-butoxide (2.1 5 g) in dry THF (40 ml) under 
20 nitrogen, was added portionwise (niethoxymethyl)triphenyl phosphonlum chloride (6.57 g). The 20 
suspension was stirred for 1 5 min, whereupon a solution of {3aaf,4a,5j5,6aar)-hexahydro-4-(4- 
morpholinyl)-5-(tetrahydro-2H-pyran-2-yl)oxy-2H-cyclopenta(b)furan-2-ol (2 g) in dry THF (30 ml) was 
added dropwise. Stirring was continued at room temperature for 1 h, when methanol (30 ml) was 
added followed by evaporation of the mixture to dryness. The residue was treated with acetic 
25 anhydride (8 ml) and pyridine (10 ml) and left for 40 h. Evaporation in vacuo gave a residue which was 25 
treated with 8% NaHCOg solution (50 ml) and extracted with CH^CIa (3x20 ml). The combined extracts 
were washed with brine (2x 1 5 ml), dried and concentrated. Purification of the residue, initially by 
chromatography using 4:1 ER-methanol as eluent and then by trituration with RE gave the ttt/e 
compound as an oil (1 3.23 g). IR (Neat) 1 735, 1 655 cm'*^ 
30 The following compounds were prepared in a similar manner. 30 

b) (1 a,2ir,3^,4a)-(±)-2-{3- methoxy-2-propenyl)-4-[(tetrahydro-2H-pyran-2-yl)oxy]-3-(4- 
thiomorpholinyljcycloperrtanol. Acetate (Ester), S->diox]de 

m.p. 131 — 1 34® from Intenmediate 63. Purification Initially by chromatography using 1 : 1 EA-PE as 
eluent followed by crystallisation from isopropanol-ER-lsopentane. 

35 c) (1a^cr,3^,4a)-(±)-3^hexahydro-1,4-oxazepm-^yl)-2-^3-m0thoxy-2-iirope^ 35 
2H-pyran-2-yl)oxy]cyclopentanoi, Acetate (Ester) 

from Intermediate 4f. Purification by chromatography using 95:5 ER--methanol as eluent TLC 1 9:1 
ER-methanol Rf 0.65. 

Intermediate 8 

40 (la^a,3^,4a)-(±)-2-(3'methoxy-2-propenyl)-3-(4-morpholinyl)-4-[(tetrahydro-2H-pyran-2- 40 
yDoxyJcyctopentanol 

A solution of intermediate 7a (0.3 g) In 0.5N NaOH (1 0 ml) was left to stand for 10 min, then 
extracted with ER (3x20 ml). The combined extracts were dried, filtered and evaporated to give the 
tlt/e compound as an oil (0.25 g). IR (Neat) 3450, 1 655 cm'\ 

45 Intermediate 9 45 

a) (1a,2^,3^,5^)-(±)-4-[3-(2-naphthalenylmethoxy)-2-(3-methoxy-2-propenyl)-5-[(tetrahyd 

,2H-pyran-2-yl)oxy]cyclopentyI]morpholine 

NaH (0.48 g, 80% dispersion in oil) was added to a solution of Intermediate 8 (2.2 g) and 
bromomethyDnaphthalene (3.56 g) in dry DMF (8 ml) at 0**C. After stining for 7 H, the suspension was 
50 poured into saturated NH4CI solution (75 ml) and extracted into ER (3 x 50 ml). The combined extracts 50 
were dried and concentrated, and the residue chromatographed on silica using ER as eluent to give the 
ti't/e compound as an oil (2.1 g). IR (Neat) 1716, 1655 cm'^ 

The following compounds were prepared by a similar procedure: 

b) (1 a,2i3,3p,5^)-(±)-4-[2-(3-methoxy-2-propenyl)-3-[4-(1 ,1-dlmethylethyl)phenylmethoxy]5- 

55 [(tetrahydro-2H-pyran-2-yl)oxy]cyclopentyt]morphonne 55 
from Intenmediate 8 and 4-(1,l-dimethylethyl)phenylmethyl bromide. Purification by chromatography 
using ER as eluent IR (Neat) 1 650, 1 120 cm~^ 
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c) (1 a^/},3j5,5j5M±)-4-[3-(4H:ydohexylphenylmQthoxy)-2-K3-metho^^ 
[(tetrahydro-ZH-pyran-Z-ylloxylcyclopentyllmorpholine 

from Intermediate 8 and 4-cyclohexytphenylmethyl iodide. Purification by chromatography using ER as 
eluent 

5 d) (1a*2^r3)3«5/})-(±)<4-[2-(3-metho}sy-2-i>roperiyl)-3^pentyloxy)-5-[(t0tra 5 
yl)oxy]cycIopeiityi]morphoiine 

from Intermediate 8 arul n-pentyl-tosylate. Purification by chromatography using EA as eluent 

e) (1 a,2^«3^3^)-(±)-4'[2-(3-methoxy-2-propenyl)^[4-(phenylmethyl)phenylmethoxy]-5* 
[(tetrahydro-2H-pyran-2-yl)oxylcyclopentyI]morphol!ne 

1 0 from Intermediate 8 and 1 -(bromom6thyl)>4^phenylmethyl)benzene. Purification by chromatography 1 0 
using ER as eluent 

f) (1 a^^,3^,5j5)-(±)-4-[3-[[4'-chloro(1 .1 '-blphenyl)-4-yl]methoxy]-2-(3-methoxy-2-propenyi)-5- . 
[(tetrahydro-2H-pyran-2--yl)oxy]cycIopentyllnnorpholIne 

from Intermediates 8 and 68. IR (Neat) 1 650, 1 1 20 cnr\ 

15 g){1a^^.3^5^)-(±M-[2-(3-methoi:y-2-propGnyB)-3^2-pro ' 15 

2-yl)oxy]cyclopentyl]morphdlind 
from Intermediate 8 and allyl bromide. 

h) (1 a^^,3^,5)3}-(±)-4-[2-(3-methoxy- 2-propenyl)-3-[4-methylthio)phenylmethoxy)]-5- 
[(tBtrahydro-2H-i>yran-2-vl)oxy]cyclopentyl]morpholine 

20 from Intermediate 8 and 1 -(bromomethyl)-4-(methylthlo)benzene. Purification by chromatography 20 
using ER as eluent IR (Neat) 1 650, 1 120 cm~^ 

i) (1 cr,2^,3^,5jg)-(±)'Wi|>[2-(3-methoxy-2-propenyl)-5-[(t0trahydr«H2H-^ 
2-yl)ph6nvlmetho;:y]cyclopentyll]morpholline 

from Intermediates 8 and 24a. PuKriication by chromatography using ER as eluent 

25 i) (la^^,3^,5^)-(±)^[2-(3-m6thoxy-2-^ropenyl)-3-[[(l,l':4^1»-terpherly^ 25 
[(t»trahydn>-2H-^yran-2-yl)oxy]cycloperityl]niorpholine 

from intermediates 8 and 24b. Purification by chromatography using ER as eluent TLC ER Rf 0.1 8. 

k) (1 £r,2^,3^,5)3)-(±)'4-[2-(3-methoxy-2-propGnyl)-3^4-phenylthien-2-Yi)niethoxy] 
[(tetrahyclro-2i^-pyran-2"yl]oxy]cyc8opGnt7l]morplioline 
30 from Intermediates 8 and 65. Purification by chromatography using EA as eluent 30 

I) [1af,2^^^(El,5^H±)-4- [2-^3-methoxy-2-prGpenyi)-3>[(3-phenyl-2-propenyl)oxy]-5- 
[(tetrahydro-2l^pyrai>-2-yl)oxy]cycOopentyi]morphoiIne 

from Intermedatte 8 and cinnamyl bromide. Purification by chromatography using ether as eluent 

m) (1 ar,2^^/3,5^)-(±)-4-[34[(l .1 '-biphGnyl)-4-yl]methoxy]-2-(3-methoxy-2-iiropenyl)-5- 
35 [(tetrahydro^2H*pyran-2-yl)oxy]Gyclopentyl]thiomorpholine 35 
from Intermediate 5b and 1 -(bromomethyl)-1 ,1 '-biphenyl. Purification by chromatography using 3:2 
ER-PE TLC ERRf 0.42. 

n)(1a,2^,3^,5^)-(±)-4-[3-[[4'-metlfioxy(1,1'4iiphenyl)-4-yl]met^^ 
propenyl)-5-r(tetrahydro-2H-pyran-2--yl)oxy]cycIopentyl]thiomorpholine, S-dloxide 
40 from Intermediate 59a and 4-(bromomethyI)-4'-methoxy(1 ,1 '-biphenyl). Purification by 40 
chromatography using CH2CI2 followed by ER as eluents. TLC ER Rf 0.41 . 

o) (1 ar,2^,3j5,5^)-(±)-4-[2-(3-methoxy-2-prop8nyl)-3-[[4'-methyl(l ,1 '-btphenyl)-4-yl]methoxy]-5- 
(tetFahydro-2H-pyran-2-vl)oxy]cyclopentyl]thiomorphoiine,S-dioxide • ^ 

from Intermediates 59a and 66. Purification by chromatography using CHjClj followed by 4:1 ER-PE 
45 as eluent 45 

p) (1 e2:,2^,3^,5^)-(±)-^[2^3-m6thoxy-2-propenyi)~3-[4-(phenylmethyl)pheriyimethoxy]-^ 
[(tetrahydro-2H->pyran-2-'yl)oxy]cyclopentyt]th8omorpholine, S-dloxide 
from Intermediate 59a) and 1-{bromomethvl)^(phenylmethyt)benzene. Purification by 
chromatography using CI-i2Cl2 followed by ER as eluents. TLC EA Rf 0.5. 

50 q) (1ar,2/3^^,50)-(±)-4-[3-[[(1,1'-biphenyl)-4*YBlmethoxy]-2-(3--methoxy-2-propenyl^ 50 
[(tetrahydro-2H-pyraiv2-yl)oxy]cycloperrtyl]thiomQrphonne, S-dioxide 
from Intermediate 59a and 1 Mbromomethyl)-l J '-biphenyl. TLC 95:5 ER-methanol Rf 0.7. . 
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r) {1 a;2)S,3^,5^)-{±)-4-[3-((1 .1 '-biphenyl)-4-yl]methoxy]-2-(3-methoxy-2-propenyl).5- 
[itetrahydro-2H-pyrarH2-yl)oxy]cyclopentyllhexahydro-1 ,4-oxazepin 
from Intermediate 59b. TLC 97 :3 ER-methanol Rf 0.68. 

s) (1 a,2j5,3^,5^)-^±)-1 -[3-[[4'-methoxy(1 .1 '-biphenyl)-4-yllmethoxy]-2-(3-methoxy-2-proponyl)- 
5 5-[(tetrahydro-2H-pyran-2-yl)oxy]cyclopentyl]plperidlne 5 
from Intermediate 5a Purification by chromatography using 98:2 CHjCtj-methanol as eluent 

t) (1 £r;2^,3^,5^)-(±)-4-[3-[I(1 ,1 '-blphenyl)-4-yl]propoxy]-2-(3-methoxy-2-propenyl)-5- 

[(tetrahydro-2H-pyran-2-yl)oxy]cyclopentyl]morphoiine 

from Intermediates 8 and 60. Purification by chromatography using EA as eluent . 

10 u) (1<r^j5.3)5,5^M±)-4-[3-[[3'-niethoxy(1 J'4>iphenyl)-4^]methoxyl-2-(3-^ 10 
5-[(tetrahydro-2H-pyran-2-yl)oxy]cyclopentyl]morpholine 
from Intermediates 8 and 24c. Purification by chromatography using EA as eluent 

v) (1 a^i3^^,5j5)-(±l^[3-[[4'~methoxy(1 ,1 '-biphenyl)-3-yllmethoxyl-2-(3-methoxy-2-propeiiyl)- 
5-[(tetrahydro-2H-pyran-2-yl)oxy]cyclopentyl]morphollne 
1 5 from Intermediate 8 and 3-(bromomethyl)-4'-methoxy(1 ,1 '-biphenyl). Purification by chromatography 1 5 
using EA as eluent 

Intermediate 10 

a) (1 a.2p,3a,5aM±)-3-hydroxy-2-(4-morpholinyl)-5-(2- 
naphthaleiiylmethoxy)cyciopentanepropanal 

20 A solution of Intermediate 9a (2. 1 g) in acetone (10 ml) containing 2N hydrochloric acid (5 ml) 20 
was allowed to stand at room temperature for 1 h. After evaporation in vacuo the residue was 
neutralised with 8% NaHCOg solution and extracted with CHjCI^ {3x30 ml). The combined extracts 
were dried, filtered and concentrated to afford the title compound as a viscous oil ( 1 .7 g). IR (Neat) 
3420, 1720 cv(r\ 

25 The following compounds were prepared by a dmilar procedure: 25 

b) (1 a,2y5,3cr.5a)-(±)-3-hydroxy-5-[4-(l ,1 -dlmothylethyl)phonylmethoxyl-2-{4- 
morpholinyOcyclopentanepropanal 

from Intermediate 9b. TLC 4:1 ER-methanol Rf 0.52. 

c) (1 a,2^^ar,5ar)-(±)-5-(4-cyclohexylpheiiyImethoxy)-3-hydroxy-2-(4- 

30 morphoiinyDcyclopentanepropanal 30 
from Intennedlate 9c TLC 1 7 :3 ER-methanol Rf 0.28. 

d) (1 a,2j5,3a,5ct)-(±)-3-hydroxy-2-(4-morpholiiiyl)-5-(pentyloxy)cycIopentanepropa^^ 
from Intermediate 9d.TLC 95:5 EA-methanol Rf 0.08. 

e) (1 a,2^,3a,5a)-(±)-3-hydroxy-2-(4-morphoilnyl)-5-[4- 

35 (phenylmethyi)phenylmethoxy]cyclopentanepropanal 35 
from Intermediate 9e. Purification by chromatography using 9:1 ER-methanol as eluent 

f ) (1 a,2^,3a,5a)-(±)-5-[[4'-chloro(l A '-biphenyl)-4^llmethoxy]-3-hydroxy-2-{4. 
morphoiinyl)cyclopentanepropanal 

from Intermediate 9f. Purification by chromatography using CHCI3 through to 98:2 CHCIa-methanol as 
40 eluent *0 

g) (la,2/5,3a,5a)-(±)-3-hydroxy-2-(4-morpholinyl)-5-(2-propenyloxy)cyclopentanepropanal 
^rom Intermediate 9g. Purification by chromatography using 4:1 ER-methanol as eluent 

h) (la,2^,3tt.5a)-{±)-3-hydroxy-5-[4-methylthlo(phenylmethoxy)]-2-{4- 

morpholinyDcyclopentanepropanai . .-nr^oc^ciic 

45 from Intermediate 9h. Purification by chromatography using 85:1 5 ER-methanol as eluent TLC 85.1 5 45 
ER-methanol Rf 0.28. 

i) (1 ct,2^,3a,5a)-(±)-3-hydroxy-2-(4-morpholinyi)-5-[(4-thien-2- 

yl)phenylmethoxy]cyclopentanepropanal ^ , 

from Intermediate 91. Purification by chromatography using CHCI3 through to 98:2 CHCIg-methanol as 
50 eluent TLC 95:5 CHCl3-methanolRf 0.3. 

j) (1 £r,2^,3a:,5a)-(±)-3-hydroxy-2-(4-morphollnyl)-4-[I(1 ,1 ' :4M 

terphenyi)-4-yl]methoxy]cyclopentanepropanal 

m.p. 151 — 1 53^ from Intermediate 9j. 
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k) (1 ar.2/^,3a,5a)-(±^-34^ydroxy-2^4-morphoIinyI)-5-[(4-phenylthier>-2- 
yf)methoxy]cyclopentanepropanal 

from Intermediate 9k. Purification by chromatography using 9:1 ER-methanol as eluent IR (CHBrJ 
3580--3540, 2720, 1718 cm-\ 

5 l)[1a^^.3a,5Qr(E)]-(+)-3-hydroxy-2-(4-moipholinyl)-5-[(3-p^ - 
propenyl)oxy]cyciopeiitanepropanal 
from Intermediate 9 I IR (CHBra) 3580, 3560, 1 720 cm~^ 

m) (1 ar,2^.3ar,5arH±)-5-[[(1 ,1 '4>iphenyl)-4-yi]methoxy]-3-hydroxy-2-(4- 
thiomorpholmyDcyclopentanepropanal 
1 0 m.p. 1 09 — 1 1 0^ from Intermediate 9m. Purification by chromatography using ER as eluent i q 

n) (1 a:^^,3a:,5a)-{±)-3-hydroxy-5-[[(4'-methoxy{1 ,1 '4iiphenylM-yl]methoxy]-2-(4- 

thiomorpholinyOcyclopentanepropanaLS-dioxide 

from Intermediate 9n. IR {CHBrg) 3580, 2720, 1 720 cm-^ 

o) (1a^^,3a,5a)-(±)-3-hydroxy-5-[[4'-methyl(1,1'4>iphenyl)-4-yl]methoxy]-2M4^ 
15 thiomorpholinyDcyclopentanepropanal, S-dioxide * 15 

from Intermediate 9o. IR (CHBrg) 3580, 2725, 1 720 cm~^ 

p) (1 a^^,3a,5a;H±)-3-hydrQxy-5-[4-(phenylmethyl)phenylmethoxy]-2-(4- 
thiomorpholinyDcyclopentanepropanal, S-dioxide 
from Intermediate 9p. IR (CHBrs) 3580, 2720, 1 720 cm~^ 

20 q)(1ar,2^,3a:,5aM±)-5-[Hl.1'-b!phenyl)-4-yl]methoxy]-3-liydroxy-2-(4- 20 
thiomorpholinyOcyclopentanepropanal, S-dioxide 
m.p. 1 52.5 — 1 54® (dea) from Intermediate 9q. 

r) (1 a^)5,3a,5aM±)-5- [[1 ,1 '-biphenyl)-4-yl]methoxy]^-hexaliydro-1 ,4-oxazepin-4-yl)-3- 
hydroxycyclopentane propanal 
25 fromlntermediate9r. IRCCHBrJ 3580, 2730, 1720 cm"^ 25 

s)(1a,2^.3a,5a)-(±)-3-hydroxy-5-[[4'-methoxy(1J'4>ipheiiyi)-4-Yl]nfteth 

piperidtnyDcyclopentanepropanal 

from Intermediate 9s. IR (CHBrg) 3520, 2730, 1 720 cm'^ 

t) (1 a,2^^a,5aM±)-5-[3*[1 ,1 '-biphenyl)-4-yl]propoxy]-3-hydroxy-2-(4- 
30 morpholinylicyclopentanepropanal 3q 
from Intermediate 9t IR (CHBrg) 3580, 2730, 1 723 cm-^ 

u) (1a,2^,3a,5a)^±)-[3-hydroxy-&>[[3'-methoxy(1,1'4}iphenyl)-4^l]methoxy]-2-(4- 

morpholinyDlcyclopentanepropanal 

from Intermediate 9u. IR (CHBrg) 3580, 2720, 1 720 cm"\ 

35 v) (1a,2y3,3a,5a)-(±)-[3-hydroxy-5-[[4'>methoxy(1,1'-biphenyl)-^-yl]methoxy]-2^^ 35 
morpholinyDlcyclopentanepropanal 
from Intemiediate 9v. IR (CHBrg) 3560, 2720, 1 720 cm~\ 

Intermediate 1 1 

(1 a,2/3,3a,5ar)-(±)-3-hydroxy-5-[4^methoxy(phenylmethoxy)]-2-(4- 
40 morpholinyllcyclopentanepropanal 40 
Prepared as an oil from Intermediate 4b according to the methods described for Intenmediates 5 * 
and 6. IR (Neat) 3380 (br.), 2720, 1 720, 1 1 8 cnr\ 

Intermediate 12 , 
a) [1dKZ),2^,3a,5a]-(±)-7-[5-[(1,r4)lphenyl)-4^l]methoxy]-3-hydroxy-2-^^ 

45 morpholinyl)cyciopenlyl]-4-heptenoic Acid 45 
To an intimate mixture of potassium fe/t-butoxide (1 .29 g) and (3- 
carboxypropyDtriphenylphosphonium bromide (2.41 g) under nitrogen was added dry THF (50 ml). The 
suspension formed was stirred for 30 min whereupon a solution of the free base of Intermediate 6 
(1 .1 8 g) in dry THF (50 ml) was added dropwise. Stirring was maintained for 1 .5 h whereupon water 

50 was added and all organic solvents were evaporated. The pH of the remaining suspension was adjusted 50 
to 1 0 with 2N NaOH solution and the suspension was then extracted with EA to remove phosphorus 
contaminants. The pH was then adjusted to about 6.5 with phosphate buffer and the product extracted 
from the suspension with EA. The dried extracts were filtered and concentrated to give the tltfe 
compound as a foam (0.93 g). IR (CHBrg) 3460, 1710 cm^^ 
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Hydrochloride Salt 

To a solution of Intermediate 12a (0.25 g) In EA (5 ml) was added ethereal hydrogen chionde 
until no more cloudiness was produced. The solvents were decanted and the resulting oil repeatedly 
washed with dry ER to give a powder (0. 1 3 g), m.p. 1 25.5 — 1 26.5**. 

5 Methanesulphonate Salt 5 
To a solution of Intermediate 12a (0.044 g) in EA (2 ml) was added methanesulphonic acid (0.01 

g) at 20** and the mixture stirred for 1 h. The solid was filtered off, washed with EA and dried. 

Recr/stallisation from ethanol gave material of m.p. 171 — 1 74**. 
The following compounds were prepared by a similar procedure: 

10 b) [1a(Z)^^.3ar.5aW±)-7-[34iydroxy-2^4-morpholinyl)-5-(2Hiaphthaleiiylmethoxy)cyclop 10 
4-heptenolc Acid 

from Intermediate 1 0a. Purification by chromatography using 85:1 5 ER-methanol as eluent. IR (Neat) 
3450—2300 (br.), 1715 cm-^ 

c) [1 a{Z),2^,3cr,5a]-(±)-7-[3-hydroxy-5-[4-methoxy(phenyimethoxy)]-2-(4- 

1 5 morpholinyl)cyclopentyl]-4-heptenoic Acid 1 5 

fram Intermediate 1 1 . Purification by chromatography using 95:5 CHCIa-methanol as eluent IR {CHBrjl 
3580, 3500, 1 720, 1710 cm-\ 

d) [1 a(Z).2^,3a,5a]-{±)-7-[3-hydroxy-5-[4-(1 ,1-dimethylethyi)phenylmethoxy}-2-(4- 
morphoiiiiyi)cyclopentyl]-4^heptenoic Acid 

20 from Intermediate 1 0b. Purification by chromatography using 9:1 ER-methanol as eluent IR (CHBrs) 20 
3500, 1740, 1710 cm-n 

e) [1 a(Z),2^,3a,5a]-^±)-7^5-(4^clohex>ipheiiylmethoKy)-3-hvdroxy-^^ 
morpholinyl)cyclopentyl]-4-heptenoic Acid 

from Intermediate 1 0c. IR (CHBrs) 3500, 1 720, 1 708 cm'^ 

25 f) [1 cdZh 2^^a.5aH±)-7-[3-*ydroxy-2^4-morphoiinyl)-5-(perityloxy)cydopenl^ 25 
Acid 

from Intenmediate 1 0d. Purification by chromatography using acetone as eluent 

g) [1 a(Z),2^^a,5a]-(±)-7-[3-hydroxy-2-(4-morpholinyl)-5-[4- 
(phenylmetiiyl)phenytmethoxy]cyclopentyl]-4-heptenoic Acid 

30 from Intermediate lOe. Purlficatlon-by chromatography using 4:1 ER-methanol as eluent 30 

h) [1 a(Z),2/5,3cr,5al-(±)-7-[6-[[4'-chloro(1 .1 '-biphenyl)-4-yilmethoxy]-3^dr««y-2-(4- 
morpholinyl)cyclopentyi]-^4>heptenoic Acid 

from Intemiediate 1 0f. Purification by chromatography using CHCIj through to 96:4 CKClj-methanol 
as eluent IR (CHBrJ 3500, 1710 cm'\ 

35 i) [1a(Z),2^,3a,5d-(±)-7-l3-hydroxy^2-^4-moipholiiiyi)-5^2-i>roperiyl^^ 35 
heptenoic Acid 

from Intenmediate 1 0g. Purification by chromatography using 9:1 ER-methanol as eluent IR (CHBrg) 
3500, 1 740— 1 71 0 (br.) cm"'. 

j) [1 a(Z),2^.3cr,5a]-(±)-7-[3-hydroxy-&-[4-mothylthio(phenylmethoxy)]-2-(4- 
40 morphoiinyl)cyclopentyi]-4-heptenolc Acid 40 
from Intermediate 1 0h. Purification by chromatography using 9:1 ERHmethanol as eluent m.(CHBr3) 
.3600—3400 (br.), 1 730 (sh.), 1710 cm^^ 

Ic) [1 a(Z),2^,3£r,5a]-(±)-7-[3-.hydroxy-2-(4-morpholinyi)-5-[(4-thien-2- 
jyl)phenylmethoxy]cyclopentyl]-4-heptenoic Acid 
45 iTom Intermediate 1 01. Purification by chromatography using CHCI3 through to 94:6 CHCIa-methanol as 45 
eluent IR (CHBr^ 3500, 1 738, 1710 cm*-'. 

I) (1 a(Z),2^,3a,5aJ-{±)-7-[3-hydro)cy-2-(4-morpholinyl)-5-[I(l J ':4J 

ylImethoxy]cyclopentyf]-4-heptenoic Acid 

from Intermediate lOj. IR (CHBrg) 3500, 1720cm"*\ 

50 m) [1 a(Z),2^,3a,5a]-{±)-9-[5-[[(1 , 1 '-blphenyl)-4^yl]methoxy]-3-hydroxy-2-(4- 50 
morpholinyDcyclopentyll-G-nonenoic Acid 

from Intermediate 6 and (5-carboxypentyl)triphenylphosphonium bromide. IR (CHBrj). 3510, 1730 
(Sh.),1710cm-^ 
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n) [1 a{Z),2^,3a,5afl-(±)-7-[3-hydroxy-2^4^morpholinyl)-5-[(4-phenylthien.2- 
yl)methoxy]cyciopentyl]-4-heptenoic Acid 
from Intermediate 1 Ok. 

o) [1 a(Z),2^3ar,5a(E)]-(±)-7-[3-hydroxy-2-(4-morphonnyl)-5-[(3-phenyl-2- 
5 prop6nyl)oxy]cyclopentyl]-4-heptenoic Acid g 
from Intermediate 101. Purification by chromatography using 9:1 ether-methanol as eluent IR (d-iBr,) 
3500,1 720 cm-\ 

p) [1 a|Z)^i5,3ar,5a]-{±)-7-[5-[[1.1 '-biphenyiH^I]mettioxy]-3-hydroxy-2-(4- 
thiomarphollnyl)cycloperityl-4-heptenolc Acid 
10 from Intermediate 10m. IR (CHBrg) 3500. 1 730. 1 710 cm-\ 10 

q) [1 tt(Z),2^,3ar,5ar]-(±)-7-[3-hydroxy-5-[[4'-methoxy(1 , 1 '-biphenyl)-4-yl]methoxy]-2-(4- 
thiomorphotlnyi)cyciopentyi]-44ieptenoic Acid, S-dioxide 

m.p. 1 1 3-^1 15° from Intermediate 1 0n. Purificatfon by chromatography using 98:2 through to 96:4 
ER-methanoI as eluent. 

15 r) [lcrfZ),2)S,3ar.5d-(±)-7-[3-hydroxy-5-[[4'-methyl(1,r-biphenyl)-4^Ilm^^ * 15 

tliiomorphoiinyi)cyclopentyl]'-4-heptenoic Acid, S-dioxide 
m.p. 1 1 9.5 — 1 21.5® from Intermediate 1 0o. 

s) [1 diZ).2^,3cir,5a]-(±)-7-[3-hydroxy^5-[4-(phenyImethyl)phenylmethoxy]-2<-(4- 
thiomorpholinyl)cyclopenty!]-4-heptenoic Acid. S-dioxide 
20 m.p. 1 27.5 — 1 28.5° from Intermediate 1 0p. Purification by chromatography using 96:4 ER-methanoi 20 
as eluent 

t) [1ar(Z),2)5,3ar,5al-(±)-7-[5-[[(1 A '-biphenyl)-4-yl]methoxy]-3-hydroxy-2-(4- 
thtomorpholinyi}cyciopentyl]-4-heptenoic Acid, S-dioxide 

m.p. 109.5 — 1 1 1.5° from Intermediate lOq. Purification by chromatography using 98:2 ER-methanol 
25 as eluent 25 

u) [1 a(Z),2^.3ar,5aH±)-7-[5-[[(1 .1 '-bipheiiyl)-4^]methoxy]-2-(hexaliydro-1 ,4-oxazepin-4-yi)-3- 
hydroxycyclopentyl]-4-heptenoic Acid 
from Intermediate 1 0r. TLC (SiOx) 3:1 ERwnethanol Rf 0.29. 

« 

v) [1a(Z),2^,3£r3a]^±)-7-[3-hydroxy-5-[[4'Htiethoxy(1,1'-biphenyI)-4^yl]meti^ 
30 piperidinyl)cyclopentyl]-44ieptenoic Acid, Compound with Piperazine (2:1) 30 
m.p. 1 06—1 1 2° from Intermediate 1 0s. The Me compound crystallised from a solution of the acid 
and piperazine in 2:1 EA-ER. 

w) [1 a(Z),2^.3a,5a]-(±)-7-[5-[3-[(1,1'-biphenyl)-4^l]propoxy]-^hydroxy-2^4- 
morpholinyl]cyclopen1yl]-44ieptenoic Acid 
35 from Intermediate 1 0t Purification by chromatography using 5:1 EA-methanol as eluent TLC 5:1 EA- 35 
methanol RfO.3. 

x)[1tt(Z),2^,3a,5al.(±)-7434iydroxy-5-[t3'-methoxy(1,1'^>iphonyl)^^ 

morpholinyl)cyclopentyi]-4-heptenoic Acid 

from Intermediate lOu. IR (CHBrs) 3500. 1725 (sh.h 1710cm-\ 

40 y)[1af(Z),2)5,3a,5d-(±)-7-[3^ydroxy-5-[[4'.methoxy(1,r4>iphenyl)-3^^ . 40 

morphoiinyl)cyclopentyl]-4-heptenoic Acid 
from Intermediate lOv. IR (CHBrg) 3500, 1735 (sh.). 1710 cm-^ 

z) [1a{Z),2^.3a.5al-(±}-7-[5-decyloxy-^4iydroxy-2-(4-morpholinyi)cyciopentyi]'4-heptenoic 
Acid 

45 from Intermediate 1 7d. IR (CHBra) 3500, 1 735 (sh.), 1710 cm^^ 45 
intermediate 13 

[1 a(Z),2^,3a,5cir]-(±)-8-[5-[[(l .1 '-biphenyI)-4-yI]methoxy]-3-hydroxy-2-(4- 
morphoHnyl)cyclopentyl]-5-octenoic Acid 

Prepared from Intermediate 6 (1 g) and (4-carboxybutyI)triphenylphosphonium bromide (3.1 7 g) 
50 in an analogous manner to that described for Intermediate 12a. The tfUe compound v4Qb isolated as a SO 
foam (0.92 g). IR (CHBrJ 3500. 1740. 1 705 cm'^ 
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Intermediate 14 

[1 a(Z),2^,3a,5a]-(±)-methyl 7-[5-[[1 ,1 '-blpheiiyl)-4-yl]methoxyl-3-hydroxy-2-(4- 
morphonnyl)cyclopentyl]'4-heptenoate 

A solution of Intermediate 1 2a (0.7 g) In 9:1 methanol-HjS04 (20 ml) was stirred at room 
5 temperature for 2 h. Solid NaHCOa was added until pH 7.5—8, followed by water and extraction with 5 
ER. The combined extracts were dried, filtered and evaporated to give the Ut/e compound as an oil 
(0.54 g). IR (CHBrg) 3580-^51 0, 1 730 cm-^^ 

Intermediate 15 

(e/i(/o,aiiti)-(±)-6-[[4'-methyl(1 ,1 '-bipheny»-4-yl]methoxy]-8-(4-morpholinyl)-2- 

10 oxabicyclo[3.2.1]octan-3-one 

Zinc bromide (27 g) in dry THF (1 80 ml) was stirred under nitrogen at 1 5— 20*> during the 
addition of p-methylphenylmagnesium bromide [prepared In ether (1 60 ml) from Mg (3.24 g) and 4- 
bromotoluerie (20.52 g)]. The mixture was stirred at 20** for 2 h. 

Nickel acetylacetonate (1 .8 g) and triphenylphosphine (7.34 g) were taken Into THF (40 ml) and 

1 5 stirred under nitrogen during the addition of DIBAL (1 M in hexane, 7 ml). After 5 min Intermediate 72 1 5 
(4.75 g) in THF (65 ml) was added followed, after a further 5 min by the organozinc reagent. The 
mixture was then stirred at 22** for 30 h, whereupon saturated NH4CI solution (500 ml) and EA (300 
ml) were added. The aqueous solution was adjusted to pH 5 — 6 with 2N hydrochloric acid and the 
layers separated. The aqueous solution was extracted with EA and the combined extracts dried and 

20 evaporated. The residue was chromatographed on silica using 7:3 through to 9:1 EA-PE (b.p. 60 — 20 
80**)a8eluenttogivethefft/eco/npo£//7{/(3.1 g) as prisms, m.p. 141 — 144®. 

Intermediate 16 

(1a,2^,3a.5a)-^±)-3-hydroxy-5-[[4'-methyl(1.1'-bipheiiyl)-4^l]methoxy]-2^ 
morpholinyOcyclopentane Acetaldehyde 
25 A stin-ed solution of Intermediate 1 5 (4.5 g) In dry CH^CI^ (75 ml) at -75** under nitrogen was 25 
treated with DIBAL (1 .43M in hexane, 1 7.4 ml). Stirring was continued for 1 h, whereupon methanol 
(75 ml) was carefolly added and the temperature allowed to rise to ambient After 1 7 h, the mixture 
was filtered and the filtrate evaporated to give the titie compound as a foam (4.63 g). TLC 9:1 EA- 
methanolRf 0.35. 

30 Intermediate 17 30 

a) (1 a^^.3a,5a)-(±)-3-hydroxy-5-[[4'-methyl(1 ,1 '-biphenyl)-4-yl]methoxyl-2-(4- 
morphollnyOcyclopentanepropanal 

To a stin-ed solution of potassium t-butoxide (3.89 g) in dry THF (1 1 0 ml) at -5** was added 
(methoxymethyl)trlphenylphosphonlum chloride (1 1 .89 g) portionwise over 1 5 min. After stimng for 

35 30 min at -5** to 0° a solution of Intermediate 1 6 (4.03 g) in dry THF (35 ml) was added. The mixture 35 
was stirred at 5** for 1 5 min and then at 20** for 1 .75 h, quenched with water (7 ml) and the solvents 
removed in vacuo. The residue was then treated with 2N hydrochloric add (20 ml) in acetone (50 ml) 
at 20® for 3.5 h. Aqueous NajCOa was added to give a solution of pH 8 which was then diluted with 
water (100 ml) and extracted with EA (3x75 ml). The combined extracts were dried and evaporated 

40 and the residue chromatographed on silica (400 g) using 97 :3 through to 9:1 EA-methanol as eluent to 4Q 
give the Me compound as an oil (4,33 g). IR (Neat) 3400 (br.), 1 720 cm^^ 
The following compounds were prepared by a similar procedure: 

b) (1 ar,2a,3a,5a)-(±)-5-^[[1 ,1 '-biphenyi)-4-yl]methoxy]-3-hydroxy-2-(4- 
morpholinyDcyclopentanepropanal 

45 m.p. 1 1 4 — 1 1 6® from Intermediate 4c. 45 

c) (1a,2^,3a,5a)-(±)-5.[[1 ,1 '-biphenyl)-4-yllmethoxy]-3-hydroxy-2-(l- 
piperidinyOcycloperrtanepropanal 

from Intermediate 4e. IR (CHBrJ 3500—3400 (br.), 1718 cm'V 

jd) (1 a,2jS.3a,5tt)-(±)-5-decyloxy-3-hydroxy-2-(4-morpholinyl)cyclopentanepropanal 
50 from Intermediate 4g. Purification by chromatography using EA through to 95:5 EA-methanol as 50 
eluents. IR (Neat) 3530, 1 723 cm'^ 

Intermediate 18 

[1 a(Z),2j5,3cr,5a]-(±)-7-[3-hydroxy-5-[[4'-methyl{1 ,1 '-biphenyl)-4-yl]methoxyJ-2-(4- 
morphoIinyl)cyclopentyl]-4-heptenoic Acid 
55 {3-carboxypropyl)triphenylphosphonium bromide ( 1 2.9 g) was added to a solution of potassium 55 

t-butoxIde (6,73 g) in dry THF (1 70 ml) and the resultant suspension stinted at 20** for 35 min. A 
solution of Intermediate 1 7a (4.23 g) in THF (40 ml) was added and stin-lng continued at 20** for 2 h. 
Water (5 ml) was then added, the solvent removed in vacuo and the residue taken into water (300 ml) 
and adjusted to pH 1 2 with 2N NaOH. Non*acidic material was extracted with EA (2x 100 ml) and the 
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aqueous solution then re-acQusted to pH 6.5 with 2N hydrochloric acid. This solution was extracted 
with EA (3x 1 00 ml) and the combined extracts dried and evaporated to give the erie/e compound as an 
oil (3.97 gMRiCHBrg) 3580, 3500, 1720, 1710 cm-^ 

Intermediate 19 

5 (1 ar^^,3^,5/5)-(±)-4-[3-It4'-methoxy(1 ,1 '-biphenyl}-4-yl]methoxy]-2-(3Hfnethoxy-2-propeiiyi)-5- 5 
[(tetrahydro-2H-pyran-2-yl)oxy]cyclopentyt]morpholine 

NaH (74% dispersion in oil, 316 mg) was added to a solution of Intermediate 8 (1 .1 1 g) and 4- 
(bromomethyl)-4'-methoxy(1 ,1 '-blphenyl) (2.86 g) in dry DMF (1 5 ml) under nitrogen at 0^. The 
mixture was stirred at room temperature for 2 h whereupon NaH (74%, 52 mg) was added and the 
1 0 stfmng continued for 1 h. The mixture was poured into aqueous NH4CI ( 1 50 ml) and extracted with 1 0 
CHCI3 (4x60 ml). The dried organic layers were evaporated and the residue chromatographed on silica 
(400 g) using 8:2 ER^-PE (b.p. 60 — SO"*) through to ER as eluent to give the Mo compound bib an oil 
(1.17 g). IR (CHBra) 1675, 1245 cm-^ 

Intermediate 20 

15 (1a,2^,3tr,ea)-(±)-[34iydroxy-&-[[4'-methoxy(1,.1'-4iiphenyl)-4-yl]methoxy]-2-^^ 15 

morpholinyDcyclopentanepropanal 

A solution of Intermediate 1 9 (2.99 g) in 2N hydrochloric acid (25 ml), acetone (50 ml) and 

CH2CI2 (7 mi) was stirred for 30 min. The mixture was poured into 8% NaHCOg solution (200 ml) and 

extracted with CH2^2 (3x85 ml). The dried organic layers were evaporated and the residue 
20 chromatographed on silica ( 1 00 g) using ER through to 4:1 ER-methanol as eluent to give the title 20 

compound's an oil (2.09 g). IR (CHBrJ 3600-^500 (br.), 2725, 1720 cm'^ 

Intermediate 21 

[1 a(2),2^,3cr,5ar]"(+)-7-[3-hydroxy-5-[[4'methoxy(1 ,1 '-bipheiiyl)-4-yl]m0thoxy]-2-(4- 
morpholinyi)cyclopentyl]-4-heptenoic Acid 

25 (4-carboxypropyl)triphenylphosphon!um bromide (3.9 g) and potassium t-butoxide (2.04 g) In dry 25 

THF (90 ml) were stirred at room temperature for 1 5 min. A solution of Intermediate 20 (2 g) in dry 
THF (40 ml) was added and the mixture stirred for 2 h. Water (30 ml) was added and the soh^ent 
evaporated. The residue was poured into 0.3N NaOH (1 50 ml) and washed with EA* The basic layer 
was neutralised by the dropwise addition of 5N hydrochloric acid and then extracted with CH2CI2 (70 

30 ml). The pH was adjusted to 6.5 and the aqueous layer re^xtracted with CHjClj (70 ml). The combined 30 
. CH2CI2 layers were dried and evaporated to give the title compound as a foam (1 .66 g) IR (CHBrg) 
3590,3500,1720 cm-'. 

Intermediate 22 ' 

a) Methyl 4-(thien-2-yl)benzoate 

35 The Grignard reagent from 2-bromothiophene (1 7.5 g) and IVIg (2.7 g) in dry ER (200 ml) was 35 
added to a stirred solution of anhydrous ZnBrj (22.5 g) in dry THF (200 ml) at 5^. 

Simultaneously a solution of bis(triphenylphosphlne)p8liadium (II) dichloride (1 g) In THF (200 mi) 
was treated with DIBAL in hexane (1 .43M, 2 mi) at room temperature under nitrogen. After 5 mIn a 
solution of methyl p-bromobenzoate (5 g) in ER (50 ml) was added followed after a further 5 min by the 

40 organozinc reagent described above. The mixture was stirred at room temperature for 1 8 h and then 40 
poured into NH4CI solution and extracted with EA. The combined extracts were dried and evaporated, 
and the residue chromatographed on silica using 1 :20 through to 1 :1 EA-PE as eluent The title 
co/7?poc//}</ was further purified by crystallisation from PE (b.p. 60 — BO**) (2.8 g), m.p. 141 — 142". 
The following compound was prepared in a similar manner. 

45 b) Methyl 3'Hnethoxy( 1 ,1 '-biphenyl)-4-<:arboxylate 45 
m.p. 52 — 54° from 3-bromoanisole and methyl p-bromobenzoate using the catalyst prepared from 
DIBAU nickel acetylacetonate and triphenylphosphine. The product was purified by chromatography * 
using 1 :4 EA-PE (b.p. 60 — 80°) as eluent. 

Intermediate 23 

50 a) 4^thien-2-yl)benzene Methanol 50 
To a stirred suspension of UAIH4 (2.28 g) in THF (200 ml) at room temperature was added 
dropwise a solution of intennediate 22a) (6.6 g) in THF (50 ml). The mixture was heated under reflux 
for 2 h and then stirred at room temperature for 1 6 h. EA (10 ml) was carefully added, followed by 2N 
hydrochloric acid (1 00 ml). The THF was removed in vacuo and the residue extracted with ER. The 
65 combined extracts were dried, filtered and concentrated. Crystallisation of the residue from 55 
cydohexane gave the tide compound (4.5 g) as plates, m.p. 1 1 5°. 
The following compounds were prepared in a similar manner: 

b) 3-[(1,V-biphenyl)*4-yl]propanol 

m.p. 73 — 74^ from 3-t(1 ,1 '-biphenyl)-4-yl]propanoic acid. 
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c) [3'-methoxy{1J'-biphenyI)-4-yl]methanoI 
from Intermediate 22b. TLC EA Rf 0.6. 

Intermediate 24 

a) 2-(4-bromomethylphenyl|thlophene 

5 A solution of Intermediate 23a (4.3 g) In dry CH^CIj (80 ml) was treated with a solution of PBr, 5 

(2.1 5 ml) in CH^CI^ (20 ml) and the mixture stirred for 1 h. 10% NaHCOg solution (100 ml) was added, 
the organic phase separated, and the aqueous phase further extracted with CHjCI,. The combined 
organic phase was dried, filtered and concentrated to give the title compound (4.6 g) as a solid, m.p. 
80— 100«. 

1 0 The following compounds were prepared by a similar procedure: \ q 

b) 4-bromomethyl(1.V:4M'0terphenyl 

m.p. 2 1 3—21 5« from 4-l( 1 ,1 ':4M '')terphenyllmethanol. 

' c) 4-bromomethy W-methoxy(l .1 '-biphenyl) 
from Intermediate 23c. TLC ER Rf 0.58. 

15 -Intermediata 25 . 15 

a) [1 a,(E).2^3a,5a]-*(±)-7-[3-hydroxy-5-I[4'-mothyl(1 ,1 '-bipheiiyl)-4^1methoxyJ-2-(4- 
morpholinyl)cyclopentylJ-4-heptenoic Acid 

A solution of Intermediate 1 8 (1 .32 g) and p-toluene sulphinic acid (0.63 g) In dry 1 ,4-dioxan (60 
ml) was heated under reflux In a nitrogen atmosphere for 3.5 h. The mixture was diluted with EA (80 
20 ml), washed with pH 6 phosphate buffer (50 ml), dried and evaporated. The residue was 20 
chromatographed on silica using 9:1 EA-methanol as eluent to give the title compound as an oil, which 
on trituration with ER crystallised (0.63 g) m.p. 108—1 1 1 

The following compounds was prepared in a similar manner: 

b) [1 a(E),2^.3a.5a]-(±)-7-[5-[[(1 A '4ilphenyl)-4^1methoxy]-3-liydroxy-2-(4- 

25 morpholinyl)cyclopentyl]-4-heptenofcAcid 25 
from Intermediate 1 2a. Purification by chromatography using 9:1 EA-methanol as eluent TLC 85:1 5 
ER-methanolRfO.24. 

Intermediate 26 

[1a(Z).2^.3a,5a]-(±)-7-[54[lJ'4)ipheriyl)-4^1methoxyl-34iydroxy-2 
30 morpholinyl)cycIopentyll-4-heptenoI 30 
A solution of Intermediate 12a (1 g) In dry THF (10 ml) was added dropwise under nitrogen to a 

stirred suspension of UAIH4 (0.1 6 g) In dry THF ( 1 0 ml) and the mixture heated under reflux for 2 h. 

After cooling 1 :1 water in THF (10 ml) was added followed by 5N NaOH (10 ml) and the mixture 

extracted with EA (3x20 ml). The combined extracts were dried, concentrated and the residue 
35 chromatographed on silica using 95:5 ER-methanol as eluent to gh/e an oil which slowly crystallised 35 

(0.71 g). Recrystalllsatlon from ER-isopentane gave the Me compound 70—71.5°. 

Intermediate 27 , r** -1 

(aiil/;e/7«/o,eiic/o)-(±)-7-(4-morpholinyl)-5-[(tetrahydro-2H-pyran-2-yi)oxylbi 

heptan*2-ol 

40 NaBH4 (2.2 g) was added in portions to a stin-ed solution of Intermediate 69 ( 1 7 g) In dry 40 
methanol (260 ml) at 0«. After 30 min the mixture was poured Into saturated NH^CI solution (350 ml) 
and extracted with ER (3x200 ml). The combined extracts were dried, filtered and concentrated to give 
the title compound as a fbam (1 7.5 g). IR (Neat) 3440 (br.). 1 1 20 cm~\ 

. Intermediate 28 

45 (on£/o,5Kii,e/ii/o)-l±)-5-([(1 A '-blphenyl)-4-yllmethoJcyl-7-(4-morpholiiiyl)bicyclo[2.2.1] 45 
heptarH2'-ol 

A solution of Intermediate 2c (20.1 g) in 1 0% concentrated H2SO4 In methanol (60 ml) was stood 
at room temperature for 1 h. The solution was neutralised with solid NaHCOs and extracted with 
CH2CI2 (3 x200 ml). The combined extracts were dried, filtered and concentrated to give the tHIe 
50 compound as a solid (1 7 g), m.p. 1 38—1 40*. 60 

Intermediate 29 

(e/>c/o,syn)-(±)-5-[[(1 J '-biphenyl)-4-yllmethoxy]-7-(4-morphollnyl)bicyclo& 

A mixture of dry dimethylsulphoxide (1 3.5 ml) and dry CH2CI2 (50 ml) was added under nitrogen 
to a solution of oxalyl chloride (1 5.2 ml) In dry CHjClj (25 ml) at -78« and the resultant activated 
55 complex stirred for 1 5 mIn. A solution of Intemiedlate 28 ( 1 5 g) In dry C\\jZ\^ (50 ml) was added 55 
dropwise and stirring continued for 5H. Triethylamine (55.1 ml) In dry CH,CI, (50 ml) was added 
dropwise and the mixture was then allowed to reach room temperature with further stlnlng for 1 .5 h. 
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Water (350 ml) was added and the solution extracted with CHjClj (3x200 ml). The combined extracts 
were dried, filtered and evaporated and the residue chromatographed on silica using ER as eluent The 
tide compound was obtained as a solid which was further purified by crystallisation from EA-PE (b.p. 
60 — 80°) to give material (6.67 g) of m.p. 1 64 — 1 65°. 

5 Intermediate 30 5 
(eiii/o, s/n)-(±)-6-[ni,V-biphenyl)-4-yl]methoxy]-^-(4-morphollnyl)-2-oxabicyclo[3.2.1] 
one 

Peracetic acid (4.33 ml, 6.1 2 M) was added dropwise to a mixture of Intermediate 29 (2 g), 
sodium acetate (2.1 7 g), acetic acid (20 ml) and water (1 0 ml) at 0°. After stirring for 6 days a further 
1 0 quantity of peracetic acid (0.87 ml) was added and stirring continued for 24 h. NajSO, was added to t,0 
destroy excess oxidising agent and the mixture was then evaporated to dryness. The residue was 
neutralised with 8% NaHCOg solution and extracted with EA (3x75 ml), the combined extracts were 
dried, filtered and evaporated and the residue chromatographed on silica using 1 :1 ER-CHjClj as 
eluent to give the tMe compound as a solid (1 .5 g), m.p. 244 — ^246°. 

15 Intermediate 31 15 
[1 £r(Z),2a:,3a.5a]-(±)-methyl 7-t5-[[1 ,1 '-biphenyl)-4'Yllmethoxyl-3-hydroxy-2-(4- 
morpholmyl)cyclopenty|]-4^eptenoata 

Prepared as an oil from Intermediate 1 7a according to the methods described for Intermediates 
1 2a and 1 4. IR (Neat) 3440 (br.), 1 730 CTvr\ 

20 Intermediate 32 20 

[1 a(Z),2ar,3Qf,5a]-{±)-methyl 7-[3-(acetyloxy)-5-[[(1 A '4)iphaiiyi)-4-yl]m0thoxy]-2-(4- 

morpholinyl)cyclopentyl]-4-heptenoate 

A solution of Intermediate 31 (1.2 g) and acetic anhydride (2 ml) in pyridine (1 0 ml) was heated 

at 45** for 1 8 h. The mixture was diluted with ER (50 ml) and then washed with 8% NaHCOs solution 
25 (1 50 ml). The aqueous solution was re-extracted with ER (100 ml) and the combined organic phase 25 

dried and concentrated. The residue was chromatographed on silica using ER as eluent to give the title 

compound Bs an oil (0.85 g). IR (CHBr,) 1742 cm~\ 

intermediate 33 

a) [1a(Z)^a^a,5a]^±)-7-[6-[[(1.1'4iiphenyl)-4.yl]mothoxy]-3-hydro^^^ 

30 morphollnyl)cyclopentyll-4-heptenoic Acid 30 
A solution of Intermediate 32 (0.83 g) in methanol (30 ml) containing 2N NaOH (5 ml) was 
allowed to stand at room temperature for 2 days. pH 6.5 buffer<made from 2:3 KH2P04:Na2HP0J 
(30 ml) was added and the solution extracted with CHjClj (2x50 ml). The combined extracts were 
dried and concentrated and the residue purified from CH^CIj-PE (b.p. 60 — 80°) to give the title 
35 compound{0,S^ g), m.p. 1 63 — 1 65°. 35 
The following compound was prepared in a similar manner: 

b) [1 a(Z)^&3a:,5a]-(±)-7-[5-[[{l A '-blphenyl)-4-yllmethoxyl-3-hydroxy-2-(1 - 
piperidinyl|cyclopentyl]-44ieptenoic Acid 

from Intermediate 58. IR (CHBrs) 3500, 1 700, 1 598 cm~^ 

40 Intermediate 34 ^ 
[l£rfZ),2j^,3^,5al-(±)-7.[5-[[1,1'-biphenyl)-4^llmethoxy]-34iydro^ 
morpholinyl)cycloperrtyl]-4-heptenoic Acid 

a stirred solution of lithium tri-sec-butyl borohydride In THF (1 2 ml, 1 M) under nitrogen at —28° was 
treated slowly dropwise with a solution of Example 1 a (0.6 g) in dry THF (12 ml). After 3 h the mixture 
45 was poured into 2N H2SO4 (20 ml) and pH 6.5 phosphate buffer (50 ml) and washed with ER (1 x 1 50 45 
ml, 1 x50 ml). The aqueous layer was adjusted to pH 6.5 with 2N NaOH and extracted with EA (2x 100 
ml). The combined extracts were dried and evaporated, and the residue chromatographed on silica 
using 4:1 EA-methanol as eluent to give the tide compound as a foam (0.35 g). TLC (SIOj) 1 :20:79 
acetic acid-methanoi-EA Rf 0.1 7. 

50 Intermediates 35 and 36 50 
(1S,eii</o)-(+)-bicyclo[3.2.0]hept-2-en-6-ol (35) and (1R,axo)-(-)-blcyclo[3.2.0Jhe|it-2-en-6-ol 
(36) 

Bakers yeast (6 kg) and glucose (2.5 kg) in water (24 1) was stinred at 25° for 2 h. (+)- 
blcyclo[3.2.0]hept-2-€n-6-one (1 20 g- was added dropwise over 30 min. Stimng was maintained for 
55 2.5 h whereupon a further quantity of glucose (3.5 kg) and water (4 1) was added. This addition was 55 
repeated after 20 h and 26 h, glucose (4.5 kg) and water (5 1) being added on each occasion. 

The reaction mixture was distilled at atmospheric pressure to give about 1 1 I of aqueous ethanol 
containing starting material and some product-Fraction A Then a steam distillation of the remaining 
reaction mixture gave 36 1 of aqueous distillate which was salted (7^5 kg) and extracted with CH2CI2 
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{3x 1 0 1). The CHjClj was distilled at atmospheric pressure through a helix filled column (93 x 5 cm) to 
leave a residue (about 400 ml)-Fraction B. Fraction A was concentrated by distilling off most of the 
solvent through a helix filled column (50x3 cm). The residue was salted and extracted into CH2CI2- 
Fraction C. 

5 Fractions B and C were combined, dried and the solvent was removed at atmospheric pressure to 5 

leave a residue (55 g) which was distilled at 1 20^C and 1 5 mm Hg pressure to give an oil 139.8 g). This 
material was chromatographed on silica using 1 :4 ethenlsopentane as eluent to give the «nEte compound 
as ethereal solutions after removal of most of the soh/ent 

Intermediate 35 (26.8 g) 64.5% w/w in ether. 
1 0 Intermediate 36 (33.4 g) 30.4% w/w in ether. 1 0 

The bulk of the material was used as above for the next stage. However 2 ml portions of the 
solutions were taken and distilled at atmospheric pressure in a micro distillation apparatus to give: 

Intermediate 35TLC 4:1 PE-ER Rf 0.3 [a]g^+4B.l<^ (CHCg. 

Intermediate 36TLC 4:1 PE-ER Rf 0.2 l£d?=-73.9*» (CHCQ. 

15 intermediate 37 15 
[1 R-(exo,e/>i/o)]-(-)-24)romo-3-hydroxybicyclo[3^.0]heptan-6-one 

To a stln^d solution of Intermediate 35 (6.64 g) in acetone (220 ml) and water (55 ml) was 
added glacial acetic acid (0.65 ml) and N-bromosucclnimlde (43.22 g) and stining was maintained for 
1 8 h. The mixture was poured into sodium thiosulphate solution (250 ml) and extracted with ER 

20 (2x1 75 ml). The organic layer was washed with 8% NaHCOs solution ( 1 50 ml), dried and evaporated 20 
and the residue chromatographed on silica using 1 :1 ER-PE as eluent The title compound y^as 
obtained as a solid which crystallised from CCI4 as needles (4.1 6 g), m-p. 90— 92«. Iarl?=-60.8*» 
(MeOH). 

Intermediate 41 

25 [1 R-(enc/o,»nli)]-(±)-5-hydroxy-7- (4-morphollnyl)blcyclo[2.2.1Jheptan-2-on0 25 
A solution of Intermediate 37 (8.82 g) In CH2CI2 (85 ml) containing morphoiine (1 5 ml) was 

stirred at room temperature for 20 h. The precipitate was filtered off and washed with CH2CI2 ( 1 00 ml). 

The combined filtrates were washed with NaHCOs solution and water (75 ml each) dried and 

evaporated to give a semi-^lid which was chromatographed on silica using EA as eluent The tftJe 
30 compound was obtained as a solid which crystallised from 1 :1 EA-PE (b.p. 60— 80*») to give material 30 

(6.1 g) of m.p. 137—139**. [d?*=+55.73<» (MeOH). 

Intermediate 43 

[1 BAmdo.antffi'M'B'UilA '-biphenyl)-4-yl]methoxy]-7-(4-morphollnyl)blcyclo[2^.1 Iheptan-Z- 
one 

35 A mixture of Intermediate 41 (10.45 g), benzyl triethylammonlum chloride (1.5 g) and 35 

biphenylmethyl bromide(1 5.3 g) in CH2CI2 (50 ml) was cooled to 0<> whilst NaOH (12 g) in water (20 
mi) was added. The two phases were stirred vigorously for 24 h at 20®. The mixture was diluted with 
water (1 20 ml) and extracted with CHjClj (3 x 1 00 ml). The combined extracts were washed with brine 
(2x50 ml), dried and evaporated, and the residue triturated with ER (1 00 ml) to give a solid (1 6 g). 

40 The solid was crystallised from isopropyl acetate ( 1 20 ml) to give the dt/e compound (9.6 g) as 40 
platelets m.p. 138—140**. [a]g^=:+22.12o (CHCI3). 

Intermediate 44 

[1 R-(e/?i/o,aiyfy|]-{-)-8-[[(1 A '-biphenyi)-4-yl]methoxy]-8-(4-morpholinyi-2- 
oxabicyclo[3.2.1 ]oc1an-3-one 

45 Peracetic acid (8.7 ml, 6.1 2 M) was added dropwise to a stirred solution of Intermediate 43 (5 g) 45 

in CH2CI2 (25 ml) at 0®. The mixture was stirred for 24 h while allowing the temperature to rise to 
ambient 20% w/w ISIajSOs In water (60 ml) was added dropwise at 0® and the mixture was stirred at 
jioom temperature for 0.75 h. Iso-propyl acetate (25 ml) was added and the layers were separated. The 
aqueous layer was extracted with (1 :1) isopropyl acetate-CHjClx (2x25 ml), and the combined organic 

50 layers were washed with 1 N NaOH (2x50 ml) and brine (50 ml) then dried and evaporated to give a 50 
solid (3.3 g). The solid was crystallised from 1 :1 EA-PE (80 ml) to give the dde compound as prisms 
(6.9 g), m.p. 1 47—1 48*». [a]g^-«^=-26.44® (CHCI3). 

Intermediate 45 

[1 R-(l a^^.3a,5af)]-5-[[(1 A '-blphenyl)-^yl]methoxy]-34iydroxy-2-^4Hnorphol!nyl)cyclopentan 
55 Acetaldehyde 85 

A solution of Intermediate 44 (3 g) In dry CHjClj (60 ml) was cooled (-78°) and stirred under 
nitrogen whilst a solution of DIBAL in hexane ( 1 0.7 ml, 1 .43 M) was added dropwise- Methanol (60 ml) 
was added dropwise at —78® and the cooling bath was removed. After stirring at room temperature for 
2 h the precipitate was filtered off and was washed well with methanol. The combined filtrates 
60 were evaporated in vacuo and the residue was dissolved in CH2CI2 ( 1 00 ml), dried, filtered and 60 
evaporated to give the trUe compound as a foam (2.95 g). IR (CHBr,) 3580, 1718 cm~\ 
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Intermediate 46 

[1 RMI a,2^.3a,5a)]-5-[[1 A '-blphenYl)-4-yllmethoxyl-3-hydroxy-2-{4- 
morphollnyDcyclopentanepropanal 

(Methoxymethyl)triphenylphosphonium chloride (7.1 5 g) was added to a stirred solution of 
5 potassium tert-butoxide (2.35 g) In dry THF (40 ml) under nitrogen. After 1 5 min a solution of 5 
Intermediate 45 (2.75 g) In dry THF (20 ml) was added dropwise and stirring continued for 30 mIn. 

The reaction mixture was poured into 2N hydrochloric acid (50 ml) atO*» and was stined at 10 — 
1 5** for 1 .5 h. The mixture was adjusted to about pH 1 0 with saturated KjCOj solution and extracted 
with CH2CI2 (3x 1 00 ml). The combined extracts were washed with brine (1 00 m\)% dried and 
1 0 evaporated and the residue chromatographed on silica using 9:1 EA-methanol as eluent to give the 10 
titie compound as a foam (2.47 g). TLC 9:1 EA-methanol Rf 0.3. 

Intermediate 47 

[1 R-t1 a{Z)^P^a3a]U+)-7-l5-[[{^ A '-4>lphenyl)-4^i]methoxy]-3-hydroxy-2-(4- 
morphollnyDcyclopentylJ^heptenoic Acid, Hydrochloride 

15 Dry THF (90 ml) was added to a stirred mixture of potassium fert-butoxide (2.46 g) and 3- * 1 5 

(carboxypropyl)trlphenylphosphonlum bromide (4.6 g) under nitrogen. After about 30 min Intermediate 
46 (2.25 g) in dry THF (50 ml.) was added dropwise and stim'ng continued for 2.5 h. Water (25 ml) 
was added and most of the THF was removed in vacuo. The residue in water (50 ml) and 2IS1 NaOH (20 
ml) was extracted with EA (2x50 ml). The aqueous layer was adjusted to pH 6 with buffer ( 1 M. 

20 KH2PO4 3 parts, 1 1^ Na2HP04 1 part) and was extracted with CH2CI2 (3x50 ml). The qombined 20 
extracts were washed with brine, dried and evaporated to give a foam (2.7 g). This material was 
dissolved in EA ( 1 00 ml) and treated with an excess of ethereal hydrogen chloride. After cooling at O** 
for 1 6 h the salt was collected and washed with 1 :1 ER-EA (25 ml) followed by ER (40 ml). 
Crystallisation from 5:1 EA-methanol gave the title compound {^ .6 g) as prisms, m.p. 1 52 — 1 53°. 

25 [aI2W54» (CHCI3). 25 

Intermediate 48 

(1a^^^j3,5j3)-(±)-4-[2-(3-methoxy-2-propenyi)-3-[(2-iilieny^^^^ 
2H-pyran-2-^}oxy]cyclopentyl]mor|^oline 

NaH (0.952 g, 50% In oil) was added to a stfned solution of Intenmediate 76 (5.38 g) and 
30 Intemiedlate 8 (2.6 g) in OMF (1 5 ml) at O'*. Stinring at room temperature was continued for 2 h 30 
whereupon saturated NH4CI solution (50 ml) was added and the mixture extracted with ER (3x50 ml). 
The combined extracts were washed vinth water (2x 1 00 ml), brine ( 1 00 ml) and then dried. 
Evaporation gave an oil which was chromatographed on silica using 1 9:1 ER-methanol as eluent to 
give the tide compound {2.87 g). 

35 Analysis Found: C, 68.1; H, 7.8; N, 2.7 35 

C29H38NO5S requires: C, 68.0; H, 7.4; N, 2.7% 

Intermediate 49 

(1a^^,3ar3a)-(±)-3-hydroxy-2-(4-morpholinyl)-e-[(2-phenylthlan-4- 
yl)methoxy]cyclopentanepropanal 

40 A solution of Intermediate 48 (2.75 g) in acetone (20 ml) was treated with 2N hydrochloric acid 40 

(10 ml) for 2 h. 2N UaJZO^ solution (10 ml) was then added and the acetone removed in vacuo. The 
remaining solution was baffled by adding more NdjCOs solution and the mixture was extracted with 
ER (3x30 ml). The combined organic layere were washed with brine (20 ml), dried and concentrated. 
The residue was chromatographed on ^lica using 9:1 ER-methanol as eluent to give the tide 

45 co/7?po<i/}£/asaf6am(2g). 45 

Analysis Found: C, 66.3; H, 7.0; N, 3.3 

C23H29NO4S requires: C, 66.5; H, 7.0; N, 3.4% 

Intermediate 50 

[1 a(Z)^^,3a,Sal-(+)-7-[3-hydroxy-2-(4-morphollnyl)-5-I(2-phenylthlen-4- 

50 yl)me1hoxy]cyclopentyl]^heptenoic Acid SO 
To an intimate mixture of potassium t^^utoxlde ( 1 .89 g) and (3- 
carboxypropyDtriphenylphosphonium bromide (3.62 g) under nitrogen was added dry THF (50 ml). The 
suspension fbrmed was stirred for 30 min whereupon a solution of Intermediate 49 (1 .75 g) In dry THF 
(1 0 ml) was added in one portion. Stirring was maintained for 1 h whereupon water (40 ml) and 

55 NaHCOs solution (1 0 ml) were added and the mixture extracted with ER (3x50 ml). The extracts were 55 
discarded and the aqueous phase acidified to pH 6.5 with KH2PO4 solution and extracted with ER 
(3x75 ml). The combined ethereal extracts were washed with water (50 ml), brine (50 ml) and then 
dried. After evaporation the residue was chromatographed on silica using 4:1 ER-methanol as eluent to 
give the dde compound as a foam (1.15 g). 
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Analysis Found: C, 66.8; H, 7.3; N, 3.0 

C27H33NO5S requires: C, 66.8; H, 7.3; N, 2.9% 

Intermediate 51 

{endo,anti)A±h7' azido-5-hydroxybicyclo[2.2.1 ]heptan-2-one 

5 A solution of (exa,e/i(/oM±)-3-ac0toxy-2-bromobicyclo[3.2.O]heptan-6-one (50 g) and 9 

potassium t-butox?de (27.25 g) In THF (1 .5 1) was stln^ at -75'» for 1 h. The solution was allowed to 
warm to 0^ and a solution of sodium azlde (1 6.45 g) in water (600 ml was added and stining 
continued at 20*» for 1 8 h. 

The two layers were separated and ether was added to the organic layer which was washed with 

10 water (2x250 ml). The combined aqueous layers were extracted with ER (2x250 ml) The combined 10 
organic layers were dried and evaporated to give a gum (28.1 g). A solution of the gum In methanol 
(225 ml) was stirred with K2CO3 (1 8.37 g) for 3.5 h at room temperature. The mixture was filtered and 
the filtrate was evaporated in vacuo to give a solid which was then taken into ER (1 50 ml) and washed 
with water (1 50 ml). The aqueous layer was extracted with ER (3x 1 25 ml) and the combined organic 

1 5 iayers were dried and evaporated to give an oil (24.5 g) which was chromatographed on silica. Elution 1 5 

with 2:1 ER-PE gave an oil (1 8.7 g) which was triturated with ER to gh^e the tft/e compound as a solid 

(14.6g),m.p.72— 74*. 
• 

Intermediate 52 

(3aa,4^,5a,6aa)M±)-4-azido-hexahydro-5-hydroxy-2H-cvclopenta(b)furan-2-one 
20 40% Peracetic acid (64.35 ml) was added to a cooled (O^) stin-ed solution of Intermediate 51 20 
(12.9 g) and sodium acetate (31.2 g) In acetic acid (1 55 ml) and water (1 5.5 ml) and the resulting 
solution then stirred at ambient temperature for 24 h. Excess NAjSOg solution was added to the cooled 
solution and stlm'ng continued for 1 h. After evaporation in vacuo the residue was dissolved in 5N 
NaOH solution (400 ml) with cooling and the solution stirred for 0.5 h. Concentrated hydrochloric acid 
25 (30 ml) was added with cooling and the solution was continuously extracted with CHjCIa (600 ml) for 25 
1 8 h. The organic extracts were washed with 2N NajiO^ solution ( 1 00 ml) and brine ( 1 00 ml), dried 
and evaporated to give a solid (3.5 g). A portion (1 g) was recrystalllsed from ER-PE (b.p. 60 — 80**) to 
give the dt/e compound 6 mg), m.p. 73 — 74'*. 

Intermediate 53 , 
30 (3aa,4^,5a6aa)-(±)-^zido-hexahydro-5-[(t0trahydro-2H-|yyran-2-^l)ox^^ 30 

forarv-2-one 

DIhydropyran (6.1 ml) was added to a cold (—20**) stirred solution of p-toluenesulphonic add 
(0.685 g) and Intermediate 52 (6.63 g) in CHJZ\^ (35 ml). After 2 h at -20'> the mixture was poured 
into 8% NaHCOa solution (300 ml). The organic layer was separated and the aqueous layer extracted 
35 with CHjClj (3 X 1 00 ml). The combmed extracts were washed with brine (200 ml), dried and 35 
evaporated In vacuo to give an oil (1 3.23 g) which was purified by chromatography on silica. Elution 
with 2:1 ER-PE (b.p. 60—80**) gave the title compound as an oil (5.39 g). IR (Neat) 21 00, 1 780 cm~\ 

Intermediate 54 . . 

(3aa,4^,5a,6aa)-(±)-4^mlno-hexahydro-5-[(totrahydro-2H-fjyrari-2^^ 
40 cyclopenta(b)furan-2-one 40 
A solution of Intermediate 53 (28.4 g) In ethanol ( 1 75 ml) was hydrogenated at atmospheric 
pressure over pre-reduced 10% palladium oxide on charcoal (5.3 g) at 20"* for 24 h. The mixture was 
filtered CHyflo') and the filtrate evaporated to give an oil (24.1 g). IR (CHBrg) 3370, 3300, 1 762 cm^^ 

Intermediate 55 

45 a)(3aa,4ar5^,6aa)^±)-hexahydrcH5-[(tetrahydro-2H-pyran-2-yl)oxyI-4-(4-thiomorpholin^ 45 

cyclopenta(b)furafH2-one 

A mixture of Intemnedlate 54 (6 g), anhydrous NaHCO, (5.2 g). Nal (9.72 g) and bls(2- 

.chloroethyDsulphide (5.1 5 g) in acetonltrile (250 ml) was heated under reflux for 1 8 k'the solvent 

was removed in vacuo and the residue In water (200 ml) was extracted with EA (4x200 ml). The 
50 combined extracts were washed with brine (200 ml), dried and evaporated to give an oil (1 0.2 g) which 50 

was purified by chromatography on silica. Elution with ER and then 3:97 methanol-ER gave a solid (4.8 

g). A portion was crystallised from ER-PE to give the title compound, m.p. 83 — 84^. 
The following compound was prepared In a similar manner: 

b) (3aa,4£ir,5^,6aa)-(±)-4-(hexahydro-1 ,4H>xa2epin-4^0-6-[{tetrahydro-2H-pyran-2-ifl)oxy]-2H- 
55 cyclopenta(b}furaiv2-one . 55 

m.p. 68.5 — ^72.5«* from Intermediate 54- Purification by chromatography using 85:1 5 ER-methanol as 

eluent 



60 



(antten</o)-(±)-7-{1-piperidinyl)-5-[(tetrahydro-2H-pyran-2-yl)oxyIblcyclo[2^ 

PIperldine (64.1 ml) was added dropwise to a solution of (exo,e/)c/o)-{±)-2-bromo-3-l(tetrahydro- 60 
2H-pyran-2-yl)oxy]blcyclo[3.2.0]heptan-6-one (75 g) In high purity acetone (250 ml) at 0**. The 
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mixture was stirred in the dark for 24 h and then filtered. The filtrate was washed with water (2x 1 50 
ml), and the aqueous solution extracted with ER (3x200 ml). The combined organic layers were dried, 
filtered and evaporated to give the title compound as an oil (77.2 g). TLC 7:3 ER-PE Rf 0.1 8. 

intermediate 57 

5 (eii£to,a/itr)-(±)-5-hydroxy-7-(1 «-plperidinyl)bicycIo[2.2.l]heptan-2-one, Hydrochloride 5 
Ethereal hydrogen chloride (20 ml) was added dropwise to a solution of intermediate 56 (77.2 g) 
in methanol (300 ml) at 0^. After stimng for 1 .5 h at room temperature the solvent was removed In 
vacuo, and the residue triturated with iso-propanol to give the title compound as a solid (52 g), m.p. 
246— 248«, 

1 0 Intermediate 58 10 
[1 a(Z),2^,3a:,5al-(±)-methyl 7-[5-I[{1 J '-biplienyiM-yi]methoxy]-3-hydroxy-2-(1- 
piperidinyl)cyclopentyl]-4-4ieptenoate 

Prepared as an oil from Intermediate 1 7c according to the methods described for Intermediates 
12a and 14. Purification by chromatography using 9:1 EA-methanol as eluent. IR (CHBr,) 3520, 1725/ 

15 cm'^ 15 

Intermediate 59 

a) (1 ar^a^/3^)-(±)-2-(3-methoxy-2-propeny!)-4^[{tetrahydro-2l4i3yran-2-yi)oxy]-3-( 
thiomorpholinyDcyclopentanol, S-dioxide 

A solution of Intermediate 7b (1 2.1 g) In methanol (80 ml) containing 1 N NaOH (60 ml) was 
20 stinred at room temperature for 5 h. The mixture was poured into brine (650 ml) and extracted with 20 
CH2CI2 (5x 1 50 ml). The combined extracts were dried, filtered and concentrated to give an oil, which 
was chromatographed on silica using 1 3:7 EA-PE (b.p. 60 — BO"") through to EA as eluent to give the 
title compound an oil (8.38 g). IR (Neat) 3510 (br.j, 1 650 cm~^ 

The following compound was prepared by a similar procedure: 

25 b) (1 a,2<:r,3^,4a)-(±)-3-(hexahydro-1 ,4-oxazepin-4-yi)-2-(3-methoxy-2-propenyl)-4-[(tetrahydro- 25 
2H-pyran-2-yl)oxy]cydopentanol 
from Intermediate 7c IR (CHBra) 3500, 1655 cm~\ 

intermediate 60 

3*[(1,1 '-biphenyl)-4*yi]propanoi, 4-methyibenzenesulphonate 

30 A stirred solution of Intermediate 23b (4.28 g) in pyridine (40 ml) at 0° was treated portlonwise 30 

with p-toluene sulphonyl chloride (7.7 1 g) over 1 h. Stirring was continued at 0° for 7 h when water 
(20 ml) was added and the mixture allowed to warm to room temperature with stirring for a further 1 h. 
The mixture was partitioned between 2N.H2SO4 (250 ml) and ER (250 ml), the layers separated and 
the organic phase washed with a further quantity of 2N.H2SO4 (2x250 ml). The organic phase was 

35 then washed with 2N.NaOH (3 x 1 00 ml), water (2 x 1 00 ml) and dried. Evaporation of the solvent gave 35 
the title compound as a solid (4.95 g), m.p. 86 — 87®. 

internnediate 61 

(3aa,4{K,5)3,6act)-(±)-hexahydro-5-hydroxy-444^thiomorpholiiiyi)-2HH:yclopenta(b)fu 
S-dioxide, Fiydrodiioride 

40 A solution of (e/jrfaan«/l-{±)-6-(phenylmethoxy)-8-(4-thlomorpholInyl)-2-oxabicyclot3.2.1 ]octan- 40 

3-one, S<lioxide (10 g) in ethanol (60 ml) and water (40 ml) containing concentrated hydrochloric acid 
(40 ml) was hydrogenated over pre-reduced 1 0% palladium oxide on charcoal (5 g, 50% dispersion In 
water) in ethanol (40 ml). The mixture was filtered and the filtrate evaporated in vacuo to give the title 
compound as a solid (8.55 g), m.p. above 230** (dec.) (from water-ethanol). 

45 intermediate 62 , 45 

{3aa:,4ar,5^,6aar)-(±)-hexahydro-5-[(tetrahydro-2li-pyrari-2-yi)oxy]-4^4-thiomorphollny^ 
cyciopenta(b)fijran-2-one, S-dloxide 

Dihydropyran (3.1 ml) was added to a stirred solution ofthe free base of Intermediate 61 {1.56g) . 
and p-toluene suiphonic acid monohydrate ( 1 .1 7 g) in dry DMF (30 ml) at —1 0®. The mixture was 

50 allowed to reach ambient temperature and stirring continued for 1 8 h, whereupon it was poured Into 50 
saturated aqueous NaHCOg solution (50 mi), extracted with EA (4x 1 00 ml), washed with water, dried, 
filtered and concentrated. The residue was chromatographed using 19:1 ER-methanol as eluent to give 
the title compound as a viscous oil (1 .89 g. IR (CHBrg) 1 762 cm"'^ 

intermediate 63 

55 (3aa,4ar,5j3,6aa)^±)-hexahydro-5~[(tetraiiydro-2H-i>yran-2-yi)oxy]-4^(4-thiomorphoil 55 
cyclopenta(b)furan-2-oi, S-dioxide 

A solution of Intermediate 62 (1 g) in CHjCIs (25 ml) at —70° under dry nitrogen was stinred 
during the additon of DIBAL (1 M In hexane, 8.7 ml). After 1 .5 h at -70°, methanol (25 mi) was 
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carefully added and the mixture was then allowed to rise to ambient temperature whereupon stirring 
was continued for 1 8h. The mixture was filtered through 'Hyflo' and the filtrate evaporated to give the 
title compound as an oil (0.95 g). 

Analysis Found: C, 53.2: H. 7.6; N, 3.5 

5 C^eH^TNOeS requires: C, 53.2; H, 7.5; N, 3.9% 5 

Intermediate 64 
4-phenyl-2-thiophenemethanol 

A stirred suspension of 4~phenyl-2-thiophenecarboxaIdehyde (4.32 g) in absolute ethanol (85 ml) 
was cooled in an ice-bath and treated with NaBH4 (1 .06 g). After 20 min the mixture was allowed to 
1 0 attain ambient temperature when stirring was continued for 6 h. Saturated aqueous NH4CI (30 ml) was 1 0 
then carefully added to the vigorously stln^d mixture, and the resulting suspension extracted with ER 
(2x200 ml)! The combined extracts were dried (Na2S04/K2C03), filtered and evaporated to give the 
, title compound (4.2 g) as crystals. m.p. 1 1 2 — 1 1 3*». 

Intermediate 65 

15 2-(bromomethyl)-4-phenylthiophene 15 
A cooled, stin-ed suspension of Intemiediate 64 (3.86 g) in dry CHjClj (60 ml) was treated 
dropwise with a solution of PBrg (1 .27 ml) in dry CHjClj (20 ml), and stirring continued for 30 min. The 
mixture was treated with 8% aqueous NaHCOs (1 00 ml), stirred for 20 min, extracted with ER (1 x 1 50 
ml, 1 x50 ml), and the extracts dried (MgS04», filtered and evaporated to give the title compound (5.01 

20 g)asasolld,m.p.87 — 88.5<*. 20 

Intermediate 66 

[4'-methyl(1 ,1 -biphenyl)-4-yl] methanol 

4-methyl{1 ,1 ''-biphenyl)-4-carboxyHc add, methyl ester (1 .43 g) in ER (25 ml) and THF (25 ml) 
was added over 5 min to LiAIH^ (420 mg) in ER (25 ml). The mixture was stln-ed at room temperature 
25 for 1 h and then cooled in ice. Aqueous NaOH ( 1 M, 2. 1 ml) was added and after stirring ( 1 5 min) 25 
excess anhydrous Na2S04 was added The mixture was filtered and the filtrate evaporated to give a solid 
Crystallisation fifom cyclohexaneHnethanol gave the title compound (1 .04 g) m.p. 1 28 — 3 1 

intermediate 67 

44>romomethyl-4'-methyl (1 ,1 '-biphenyl) 
30 To a cold (O"") solution of Intennedlate 66 (0.91 7 g) In dry CH2CI2 (1 4 ml) was added PBr, (0.29 30 
ml). 
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After stirring for 1 h at 0**, BX-NaHCOg solution (30 ml) was added and the layere separated. The 
aqueous layer was extracted with CHjCI^ (2x30 ml), dried end evaporated to give a solid (0.99 g). 
Crystallisation from PE (b.p. 60 — 80**) afforded the tide compoundiO.^^ g) m;p. 100 — 102*'. 

35 Intermediate 68 

4-bromomethyl-4'-chloro-1,l'-biphenyl ^leo \«.« 

4'-chloro( 1 . 1 '-biphenyl)-4-methanoI (5.8 g) was converted mto the tnle compound (6.8 gK m.p. 
64 — 66® by the method for the preparation of Intenmedlate 67. 

Intermediate 69 ^ . , . r« » 

40 (+).7-«ntr-(4-morphollnyl)-5-e/f 1/0- [tetrahydro-2H-pyran-2-^l)oxy]bicyclo[2-2.1 ]heptan-2-one 40 
Morpholine (76 ml) was added dropwise over 1 5 mins to a stin^ed solution of 2-exo-bromo-3- 

endo^{tetrahydro-2H-pyran-2-yl)oxy]blcyclo[3.2.0]heptan-6-one (100,8 g) In acetone (500 ml) at 0«. 

After 2 h at 5® the mixtures was stirred at 20** for 1 8 h and then filtered. Evaporation of the filtrate gavi 

an oil which was taken into ER (350 ml), filtered and washed (water, 2x 100 ml). The ethereal solution 
45 . was dried, filtered and evaporated to give the tide compound as a solid. Purification from PE gate 45 

material (85.5 g) of m.p. 86— 88«. 



. Intermediate 70 

(±)-6'en</o-hydroxy-7-a/rtM4--morpholInyl)bicyclo[2.2.1]heptan-2H>^ Hydrochloride 

To a stirred solution of Intermediate 69 (96.4 g) in methanol (600 ml) was added an ethereal 
50 solution of HCI (240 ml) and the mixture stin-ed at 20« for 2.5 h (pH 1 .5—2). Filtration followed by 50 
evaporation of the filtrate gave an oil which solidified on trituration with EA (2x200 ml). Coloured 
impurities were removed by extraction with boiling isopropanol to leave the title compound as a solid 
(70.6 g), m.p. 181— 182^ 

Intermediate 71 

55 (±)-5^ifcfo-{4-bromophenylmethoxy)-7-a/i£r-(4-morpholinyl)bicyclo[2.2.1]heptan-2-one 55 
Aqueous NaOH solution (ION; 200 ml) was added to a solution of the free base of Intermediate 
70 (21 .1 g), benzyltriethylammonium chloride (4 g) and 4-bromobenzyl bromide (27.5 g) In CHjCI, 
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(400 ml) and the mixture stirred vigorously for 4 h. A further portion of 4-bromobenzylbromide (9 g) 
was then added and stining continued for 68 h. Water (200 ml) was added and the layers separated. 
The aqueous layer was extracted with EA (2x75 AnI), washed with water, dried arid evaporated to give 
an oil (48 g) which solidified on standing. Excess allcyfating agent was removed by triturtion with PE 
5 (b.p. 60 — 80^) and crystallisation from EA-PE (b.p. 60 — 80^) then gave the title compound (34.1 g) as 5 
a solid, m.p. 1 30 — 131 ^. 

Intermediate 72 

(±)-6-encf(M44>romophenylmethoxy)-8-aiy|/-(4^morpholinyl)-2Hixa 

Intermediate 71 (1 3.2 g) In acetic acid (1 10 ml) and water (55 ml) containing CHgCOONa . SHjO 

1 0 (23.7 g) was cooled (ca. 5 — 1 0^) and stirred during the dropwise addition of peracetic acid (6.1 M; 1 0 
28.5 ml). The resulting solution was stirred at 20^ for 48 h when 1 0% NajSOa solution (200 ml), was 
added, maintaining the temperature of the mixture at 1 0 — 1 5°. After 1 .5 h solvents were removed In 
vacuo at 35^, the residue taken into water (1 50 ml) and basified to pH 9 with NajCO, solution. 
Extraction with EA (3x200 ml) followed by drying and evaporation gave a solid which crystallised from ^ 

15 EA to give the title compound (5.49 g), m.p. 1 54 — 1 56°. * 1 6 

Intermediate 73 

4-(1^-dioxolan-2-yl)-2-phenylthiophene 

A solution of 5-bn)mo-3-thiophenecarboxaldehyde (32.5 g) in benzene (500 ml) was treated with 
p-toluenesulphonic add monohydrate (0.323 g) and ethylene glycol (21 .1 g), and the mixture heated 
20 under reflux in a Dean and Stark apparatus until the theoretical volume of water had been removed. 20 
After cooling the mixture was washed with water, (2x) then brine, dried, filtered and concentrated, and 
the residue distilled (b.p. 96 — 1 0O"* at 0.4 mm) to give the title compound as an oil (24 g). 



5-phenyl-3-thiophenecarboxa!dehyde 

A solution of phenylmagnesium chloride In THF (82.94 ml, 2.39 M) was added to a stirred 
solution of ZnBr2 (44.6 g) in dry THF (350 ml) under nitrogen. The mixture was stirred at room 
temperature for 1 5 min. 

30 DIBAL (9.9 1 ml, 1 M) In hexane solution was added dropwise to a stin^d mixture of 30 

triphenyiphosphine (1 0.39 g) and nickel acetoacetonate (2.55 g) in dry THF (1 60 ml) under nitrogen. A 
solution of Intemnediate 73 (23.3 g) in dry THF (1 50 ml) was added after 1 0 mIn. The solution 
containing the organozinc reagent was then added dropwise and the mixture was stirred for 1 h. 

2N hydrochloric acid (400 ml) was added at 0*" and the mixture was stirred at room temperature 

35 for 0.5 h. The two layers were separated and the aqueous layer was extracted with ER (2x400 ml), 35 
washed with NaHCOg solution and brine and then dried. Solvent removal in vacuo gave a solid (32.8 g) 
which was chromatographed using 9:1 PE (b.p. 60— SO^j-EA or eluent to give tiie title compound 
(13.35 g), m.p. 64— 65o (from PE (b.p. 60—80*')). 

Intermediate 75 

40 5-phenyl-3-thlophenemethanol - 40 

A stin^d solution of Intemnediate 74 ( 1 2 g) in methanol ( 1 20 ml) was treated with NaBH4 ( 1 .82 
g) at room temperature for 1 5 min. The mixture was cooled to 0^ and treated with NH4CI solution (200 
ml), followed by water (200 ml) and ER (400 ml). The ER extract was separated and the aqueous phase 
further extracted with ER (400 ml), washed with brine, dried, filtered and evaporated to afford the title 

45 compound as a solid (1 1 .5 g), m.p. 92 — ^93''. 45 

Intermediate 76 

4-(bromomethyl}-2-pheiTylthiophene 

Intermediate 75 was converted into the tide compound b^ttxe method for the preparation of 
Intermediate 65. TLC (ER) Rf 0.58. 

50 Intermediate 77 50 
[1 a(Z/E).2^,3a.6a]-(±)-7-[5-[[(1 A '-blphenyl)-4-yl]methoxy]-3-liydroxy-2-(4- 
morpholinyl)cyclopentyl]-4-bromo^heptenolc Acid 

To a stirred solution of potassium te/t-butoxide (6.06 g) In dry THF (1 40 ml) at -70^ was added 
(4-carbethoxypropyl)triphenylphosphonium bromide (22.1 6 g). After 0.5 h at —70° a solution of 

55 bromine in CHjClj (25% v/v, 6.7 ml) was added dropwise and then stirring maintained for 0.9 h. A 55 
solution of Intermediate 6 (4.09 g) In THF (30 ml) was then added and, after 0.5 h, the temperature of 
the mixture allowed to rise to 0"" over 1 h. 2N NaOH (60 ml) and methanol (60 ml) were added and 
stim'ng continued at 20° for 4 h. After evaporation in vacuo the residue was taken into water (200 ml) 
and adjusted to pH .12 with 2N NaOH. Non-acidic material was removed by extraction with EA (1 xlOO 



Analysis Found: 
C^H^BrOsS required:. 



C, 35.8; H, 3.0 
C, 35.7; H, 3.0% 



25 Intermediate 74 



25 
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ml, 2x50 ml), and the aqueous phase then re-adjusted to pH 6 with 2N hydrochloric acid. Extraction 
with EA (4x60 ml), drying and concentration gave the title compounds as a foam (5.23 g). IR (CHBrJ 
3500,1725, 1710 cm-\ 

Intermediate 78 e 
5 (1 a,2/5,3cr,5a)-(±)-7-[5-[[(1 ,1 '-blphenyl)-4-yl]methoxy]-3-hydroJcy-2-(4- 5 
morpholinyl)cyclopentyl]-4-heptynoic Acid, Hydrochloride . 

To a stirred solution of Intermediate 77 (2 g) In THF (1 5 ml) at 0- was added potassium fert- 
butoxide (2.4 g) in DIVISO (15 ml). The mixture was stirred at 0° for 0.5 h and at 20*» for 1 .5 h 
whereupon water (200 ml) was added and the mixture extracted with EA (1 x50 ml). The aqueous 
10 solution was adjusted to pH 6 with 2N hydrochloric acid and extracted with EA (3x60 ml). The 10 
combined extracts were washed with water (3x60 ml), dried and evaporated to give an oil, which was 
purified by chromatography on silica (1 30 g) using 4:1 EA-methanol as eiuent to give a foam (0.65 g). 
A sample was treated with ethereal hydrogen chloride to give the title compound. Crystallisation from 
, EA gave material of m.p. 1 62 — 1 63.5. 

15 Intermediate 79 ^ « « i n_iL 

(1 a,2^,5a)-(±)-[5-II(1 A '-biphenyl)-4-yllmethoxy]-2-(4-morpholinyl)-3-oxo-cyclopeiitylJ-4- 

heptynoicjfl^^ the free base of Intermediate 78 according to the procedure described for Example 
3a, Purification by chromatography using ER through to 98:2 ER-methanol as eiuent. Crystallisation 
20 from ER-PE {b.p. eO'-SO'^) gave material of m.p. 90— 93*». 20 

Intermediate 80 r -i*. 

(eiK/o,anf/)-(±)-5-decyloxy-7-(4-morphollnyl)bicycloI2.2.1Jheptan-Z-ano 

Sodium hydride (46% dispersion in oil, 0.522 g) was added portionwise over 10 mm to a stInwJ 

solution of Intermediate 1 (1.06 g) and decyltosylate (2.34 g) In dry DMF (10 ml) under diynlt^^^ 

25 room temperature. The mixture was stin-ed for 5 h, poured into water (50 ml) and extracted with ER 25 

(50 ml. 2x25 ml). The combined extracts were washed with water (25 ml), dried and concentrated to 

give a solid. Crystallisation from PE gave the title compound (0.59 g), m.p. 64 — 65**. 

Example 1 .i 
a) [1 aiiZ) JJ^.5al-(±»-7-[5-[Hl.1 '.biphenyl)-4-yllmethoxy]-2-(4-morphollriyl)-3H>xocyclopefiW^^^ 

30 4^eptenoic Acid 
IVIethod 1 

To a cold (-1 1 °) stirred solution of Intermediate 1 2a) (920 mg) and triethylamlne (2-14 rnO in 
CH,CI, (10 ml) and DMSO (10 ml) was added pyridlne-sulphurtrioxrde complex (91 5 mg) In DMSO (10 
ml). Stirring was maintained at 2b''C for 3 h whereupon water (1 0 ml) was added and the CHjC^ 

35 evaporated. To the resulting suspension a solution of citric acid (1 .07 g) In water (10 ml) was added. 35 
The mixture was extracted with EA. the combined extracts dried and concentrated. The residual oil was • 
chromatographed on silica using ER as eiuent to give the title compound a& an oil which slowly 
crystallised (0.37 g). Recrystallisation of a sample from ER-iso-pentane at 0° gave material of rn.p. 
77 5— 80». IR (Nulol) 3350-2400 (br.). 1 735, 1 705 cm"': whereas recrystallisation above 5° gave a 

40 di^ polymorphic fomi of m.p. 98-1 00.5» IR (Nujol) 3400-2300 (br.). 1 735. 1 702. 1 250. 40 
1005 cm"'. 

Analysis Found: C. 72.9; H, 7.4; N, 2.9 

C^HasNOs requires: C. 72.9; H. 7.4; N, 2.9% 

45 "^^^JOTes reagent (0.54 ml, 2.67 M) was added to a mixture of Intermediate 26 (0.25 g) and 'Hyflo' 45 
- (1 a) In acetone (1 0 ml) and stirred for 1 H. Isopropanol (1 ml) was added, the mbrture filteredand the 
filtrate washed with pH 5 buffer (2x 1 0 ml). After drying and evaporation the residue was purified by 
chromatography on silica using ER as eiuent to give the title compound (OmA g). 



30 



Method 3 _ 
50 From Intemiediate 33a) by the procedure described under Method 2. 50 

Method 4 j- 
From Intermediate 34 by the procedure described under Method z. 

""^^'^Asuspenslon of 5% Pd on CaCOg poisoned with lead (70 mg) in EA (5 ml) containing 
65 triethylamlne (0.2 ml) was hydrogenated at 21 » and atmospheric pressure for 0.5 h. A solution of SB 
Intermediate 79 (36 mg) in EA (4 ml) was added and the hydrogenation continued for 2 h. The mixture 
was filtered, diluted witii ER (20 ml) and washed witfi pH 6 phosphate buffer solution (30 ml). 
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Evaporation of the dried ethereal solution gave a solid (35 mg) which crystallised from ER-PE (b.p. 
60—80**) to give the title compound (23 mg), m.p. 95 — ^98*^. 

The following compounds were prepared by the procedure described for Method 1 . 

b) [1 a(Z),2^,5cr]-(±)*^[5-[[(1 ,1 '-biphenyi)-4-yl]methoxy]-2-(4"morphollnyl)-3-oxocyclopentyi]-5- 
5 octenoic Acid 5 
m.p. 118 — 120° from Intenmediate 13. 



Analysis Found: C, 73.6; H, 7.7; 2.9 

C30H37NOS requires: C, 73.3; H. 7.6; 2.9%. 

c) [1ar(Z),2j3,5ar]-(±)-7-[2--(4-mDrpholinyl)-5-(2Hiaphthalenylmethoxy)-3-ox^ 
1 0 heptenoic Acid ^ g 

from Intermediate 1 2b. Purification by chromatography using ER as eluent. IR (CHBrj) 3600 — ^2300 
(br.), 1735, 1702 cm-^ 

Analysis Found: C, 71.1; H, 7.5; N, 3.2 

C27H3SNO5 requires: C, 71.8; H, 7.4; N, 3.1% 

15 d) [1 a(Z),2^,5arH±)-7-[5-[4-(1 A -dinnethylethyl)phenylmethoxy]-2-(4-morphollnyi)-3- ^ 5 

oxocyclopentyl]*^heptenolc Acid 

from Intermediate 12d. Purification by chromatography using ER as eluent IR (CHBra) 3500, 1738, 
1 705 cm~\ TLC 95:5 ER-methanol R, 0.53. 

e) [1 a(Z)^^,5(^]-(+)-7-[5-[4-metfiylthiophenyf nn0thaxy]]-2-K4-niorphoiiiiyl)-3-oxDcy^ 

20 4-heptanoic Acid, Ck>mpound with Piperazine 20 
(2:1 ), from Intermediate 1 2j. The acid was purified by chromatography using ER as eluent The title 
compound {W6 mg) crystallised from a solution of the acid (168 mg) and piperazine (25 mg) in ER (5 
ml) to give material of m.p. 75 — ^76.5®. IR (CHBrJ 1 735, 1 590 cm~^ 

f) [1 a(Z),2^,t£rl-(±)-7-[5-[[(1 ,1 '-biphenyl)-4^l]methoxyl-3-oxo-2-^4- 

26 thiomorpholinyl)cycropentyl]-4-heptenoic Acid 26 
from Intermediate 12p. Purification by chromatography using 7:3 ERnsopentane as eluent IR (CHBrs) 
3500, 1 740, 1 705 cm'^ TLC ER R^ 0.45. 

g) [1 a(Z),2jS,5ar]-(±)-7-[5-[[4'-methoxy(1 ,1 '4>iphenyl)-3-yl]methoxyI->2-(4-morpholinyl)-3- 
oxocyciopentyl]-A-l)eptenoic Acid 

30 from Intermediate 1 2y. Purification by chromatography using 4:1 EA-PE (b.p. 60 — BO**) as eluent IR 30 
(CHBrg) 3500, 1 740, 1710 cnr\ TLC 4:1 EA-PE (b^i. 60-^0*) Rf 0.44. 

Example 2 

[1 cv(Z)^/S,5aH±)-methyl 7-[5-[[(1 ,1 '-biphenyl)-4^]methoxy]-2-(4-morpholiiiyi}-3- 
oxocybiopentyl]-4^heptenoate 

35 To a cold (-60*>), stirred solution of oxalyl chloride (0.1 44 ml) in dry CH2CI2 (20 ml) was added 35 
DMSO (0.1 33 ml). The solution was stirred for 1 5 min, when a solution of Intermediate 1 4 (0.37 g) in 
dry CH2CI2 (20 ml) was added. After stim'ng for 2 h, triethylamlne (1 .04 ml) in dry CH^CI^ (5 ml) was 
added and the temperature then allowed to rise to ambient over 0.75 h. ER was then added and the 
mixture washed with 8% IMaHCOs solution. The organic phase was separated, dried and concentrated, 

40 and the residue chromatographed on silica. Elution with 3:1 ER-isopentane gave the title compound as 40 
an oil (0.23 g). IR (CHBrJ 1 730 cnr\ 

Analysis Found: C, 73.1; H, 7.0; N, 2.8 

C30H37NO5 requires: C, 73.3; H, 7.6; N. 2.9% 

a 

Example 3 

45 a) [1 a(Z),2^,5al^±)-7-[5-[4-methoxy(phenyImethoxy)]-2^4Hnorphollnyl)-3-oxocyc1opent^ 45 
heptenoic Acid, Compound with Chloroform (3:1) 

To a solution of Intermediate 1 2c) (0.1 8 g) in acetone (1 0 ml) at -5° was added 'hyflo' (0.7 g) 
followed by Jones reagent (2.67 M, 0.36 ml). The temperature was allowed to rise to 5° during 45 min 
when Isopropanol (1 ml) was added. After 5 min the mixture was filtered and the solid washed 

50 thoroughly with ER. The combined organic layers were washed with pH 6.5 phosphate buffer (2x20 50 
ml), dried and concentrated. Purification by chromatography using 98:2 CHCIg-methanol as eluent 
gave the title compound as an oil (0.06 g). IR (CHBrg) 3500, 1 740, 1710 crnr\ TLC 98:2 CHCI3- 
methanoLRf 0.4. 

The following compounds were prepared using a similar procedure: 
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15 



b) [1 a(Z|.2^,5a]-(±)-7 .[5-[[4'-chioro(1 ,1 '-biphenyl)-4-yl]methoxy]-2-(4-morpholinyl)-3- 
oxocyclopentyl]-4-heptenoic Acid 

from Intermediate 1 2h. Purification by chromatography using 99:1 CHCIa-methanol as eluent IR 
(CHBra) 3490. 1 740, 1 705 cm-\ 

5 Analysis Found: C, 67.7; H. 6.6; N. 2.8 6 

CJ9H34CINO5 requires: C, 68.0; H, 6.7; N, 2.8% 

c) [1 a(Z),2fl,5aM±)-742-(4-morpholmyl)-3-<)xo-5-(2-propenyloxy)cydopentyll^^ Acid 
from Intermediate 12i. Purification by chromatography using 4:1 ER-PE (b.p. 60— 80«1 as eluent. IR 
(CHBrJ 3500, 1 735, 1 705 cnr\ TLC 4:1 ER-PE (b.p. 60— 80») Rf 0.28. 

10 d) [la(Z),2^,5a]^±)-742-(4-morphoiiiiyi)-3-oxo-5-[l4.*len.2-yl)phenylm 10 
heptenoic Acid, Compound with PIperazine (2:1) ^ ^ , -^uo. 

from Intermediate 1 2k. The acid was purified by chromatography using 1 :99 methanohCHCIg as 
eluent The title compound ( 1 40 mg) precipitated from a solution of the acid (200 mg) and piperazine 
(100 mg) In ER. Crystallisation from EA gave material of m.p. 1 1 (dec). IR (CHBrg) 1 740 cm"'. TLC 

15 ERRfO.7. 

e)I1tt{Z),2i5,5aH±)-7-[2M4"morpholinyl)^xo-5-[[(1,1^4\l»-terphe 

yllmethoxyIcyclopBntyl]-4-heptenoic Acid . t ^ , ^ 

m.p. 105* (dec.) from Intermediate 121). Purification initially by chromatography using ether as eluent 
and then by crystallisation from ER-isopentane at 0°. TLC 9:1 ER-methanol Rf 0.23. 

20 f) [1a(E),2^,5a]^±)-7-[5-[[4'-methY!(1.r4>lpheiiyl)-4-yllmothoxyl-2M4.morphoil^ 20 
oxocyclopontyl]-4-heptenoic Add . . ^ ^ 

m.p. 80— 85*^ from Intermediate 25a. Purification initially by chromatography using ER as eluent and 
then by crystallisation from ER-isopentane at —20**. 

Analysis Found: C, 73.1; H. 7.7; N, 2.8 

25 C3oH3,N05 requires: C, 73.3; H, 7.6; N, 2.9%. 

g) [1a(E)^^,5a]4+)-745-[[(1.1'4>ipheiiyi)-4^y!lmethoxy]-2-(4-n«o 

4--heptenoic Acid . • ^ 

m.p. 1 03—1 05« from Intermediate 25b. Purification Initially by chromatography usmg ER as eluent 
and then by crystallisation from ER at -20*'. 

30 Analysis Found: C, 72.8; H, 7.7; N, 3.0 30 

requires: 0,72.9; H, 7.4; N, 2.9% 

h) [1 a(Z),2^,5ar]-(±)-9-[5-[[(1 ,1 '.blphenyl)-4-yIJmetiioxyl-2-(4-morphoIinyl)-3-oxocyc!opeiityll- 

6-nonenoic Acid . . r-« ■ * 

m.p. 83—84° from Intermediate 1 2m. Purification initially by chromatography using ER as eluent and 
35 then by crystallisation firom ER-4sopentane. 35 

Analysis Found: C, 73.3; H, 7.7; N, 2.8 

CaiHggNOs requires: C, 73.6; H. 7.8; N, 2.8% 

i) t1a(Z).2^,5a(E)]-(±)-7-[2-{4"morphollnyl)^xo-5-[(3-phenyl-2-propenyl)oxy]cydope^^^ 
heptenoic Acid 

40 m.p. 74.5—76° from Intermediate 1 2o. Purification by chromatography using ER as eluent 40 

Analysis Found: C, 70.3; H. 7.9; N 3.3 

C25H33NOB requires: C, 70.2; H, 7.8; 3.3% 

j) [1 a(Z),2^,5d-(±)-7-[5-[[4'-methyl(l ,1 '4>iphenyi)-4.yllmethoxy]-3^xo-2-|4- 
thiomorphollnyl)cycIopentyl]-44ieptenolcAcld,S-dloxide ..oi/hud.i 
45 from Intemiedlate 1 2r. Purification by chromatography using 98:2 ER-metiianol as eluent IR {Cmr^ 45 
3500,1740.1710 cm-'. 

Analysis Found: C, 66.5; H. 7.1; N, 2.2 

CjoHg^NOeS requires: C. 66.8; H. 6.9; N, 2.6% 

k) [1 a(Z),2^,5a]-(±)-7-[3-oxo-5-[4-(phenylmethyl)phenylmethoxy]-2-(4- 
50 thlomorpholinyl)cyclopentyl]-4-heptenoic Acid, S-dioxide 50 
m.p. 1 26.5—1 28° (dec.) from Intermediate 12s. Purification by chromatography using ER as eluent 
TLC 95:5 ER-methand Rf 0.46. 



28 



GB.2 075 503 A 28 



I) [1 a(Z),2^,5a]-(±)-7-[5-[[(l ,1 '-blphenyl)~4-yl]methoxy]-3-oxo-2-(4. 
tiiiomorphonnyl)cyciopenlyl]-4-heptenoic Acid, S-dioxide 

from Intermediate 1 2t Purification by chromatography using 98:2 ER-methanol as eluent IR (CHBrs) 
3480,1743,1710 cm-'. 

5 Analysis Found: C, 66.0: H, 6.7; N, 2.6 5 

Cj^HasNOeS requires: C, 66.3; H, 6.7; N, 2.7% 

m) [1 a(Z)^jS,6a]-(±K7-[5-[[(1 ,1 '-biphenyO-4^l]methoxy]-2-(hexariydro-1 ,4-oxazepin-4-yl-3- 
oxocyclopentyl]-4-heptenoic Acid 

from Intermediate 12u. Purification by chromatography using ER as eluent IR (Neat) 3500 — ^2500 
10 (br.). 1740, 1710 cm-MLCERRf 0.47. 10 

n) [1 a{Z),2^,5a]-{±)-7-[5-t3-[(1 A '-biphenyl)-4^yi]propoxy]-2-(4-morpholinyl)-3-oxocyclopentyl]- 
4--heptenolc Acid 

from Intermediate 1 2w. Purification by chromatography using ER as eluent IR (Neat) 3700 — ^2200 
(br.), 1 740, 1712 cm-^ TLC ER Rf 0.25. 

15 o) [1a(Z),2^,5af]-(±)-7-[5-[[3'-methoxy(1,l'-biphenyi)^yl]methoxy]-2-{4-morpholinyl^^^ ' 15 
oxocyclopentyI]-4-heptenoic Acid 

from Intermediate 1 2x. Purification by chromatography using ER as eluent IR (CHBra) 3500, 1 740, 
1710 cm-MLCERRf 0.2. 

p) [1 a(Z),2j3,5a;]-(+)-7-[5-decyloxy-2-(4-morphoilnyl)-3-oxocycloperttyl]-4^eptenoic Acid 
20 from Intermediate 1 2z. Purification by chromatography using 4:1 ER-PE as eluent IR (CHBrg) 3500, 20 
1740, 1710 cm-^ TLC (SiOj) 4:1 ER-PE R, 0.21 . 

Example 4 

a) [1 a(Z),2/J,5al-(±)-745-(4<sydohexylph8iiylmethoxy)-2^4-morptoll^^^ 
heptenofc Acid 

25 A stirred solution of oxalyl chloride (0.61 2 ml) in dry toluene (5 ml) under nitrogen at —60^ was 25 
treated dropwise with a solution of dry DMSO (0.5 ml) in dry toluene (5 ml) and the mixture stinted for 
10 min. Simultaneously chlorotrimethylsllane (0.24 ml) was added dropwise to a solution of 
Intermediate 1 2e, (0.84 g) and triethylamino (0.264 ml) In dry toluene (1 0 ml) under nitrogen. This 
mbeture was swiried for 5 min before being added dropwise to the above reaction mixture. The 

30 resulting solution was stirred at —60^ for 1 5 min and then quenched with triethylamine (2.8 ml). The 30 
mixture was allowed to warm to O*', poured into aqueous KH2PO4 (3.5 g In 200 ml water) and 
extracted with EA (4x50 ml). The combined organic extracts were washed with pH 6.5 phosphate 
buffer (2x20 ml), dried and concentrated. The residue was purified by chromatography on silica using 
3:1 ER-PE as eluent to give the tftfe compound as a gum (56 mg). IR (CHBrg) 3500, 1 740, 1710 cm'^ 

35 TLC 80:1 ER-acetic acid Rf 0.39. 35 
The following compounds were prepared using a similar procedure : 

fo) [1 a(Z),2^,5a]-(±)-7-[2-(4-moipholinyl)-3H>xo-5(pentyioxy)cyclop Acid, 
Compound With Piperazine (2:1 ) 

from Intermediate 12f. Purification of the acid by chromatography using ER as eluent The trUe 
40 coi}?po£//}£/(212mg)crystalllsedfromasolutionoftheacid (271 mg) and piperazine (45 mg) in ER 40 
no ml) to give material of m.p. 99 — 1 02.5^ (dec). 

Analysis Found: C, 64.9; H, 9.6; N, 6.8 

C23H40N2O5 requires: C, 65.1; H, 9.5; N, 6.6% 

c) [1a(Z).2j5,5d-(±)-7-[2-(4^morphonnyl)-3-oxo-5-[4-(phenylmethyi)phenylmethoxylcyclo- 

45 pentyl]-4-heptenoic Acid, Compound With Piperazine (2:1 ) 45 
m.p. 1 07 — 1 08 from Intermediate 1 2g. 

Analysis Found: C, 71.6; H, 7.9; N, 5.2 

C32H42N20g requires: C, 71.9; H, 7.9; N, 5.2% 

d) [1 criZ),2j3,5a]-(±)-7-[2-^4-morpholliiyl)-3-oxo-5-[(4-pheriyithien-2-^ 

50 heptenoic Acid 50 
m.p. 86 — SB^ from Intermediate 1 2n. 

Analysis Found: C. 66.8; H, 6.8; N, 2.8 

C27H33N05S requires: C, 67.1; H, 6.9; N, 2.9% 
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e) [1 a(Z) Jt/5,5al-(±)-7-[5-[[|1 ,1 '4)iphenyl)-4-yllmethoxy]-3-oxo-2-(1-plperidinyl)cyclopentyll-4- 

heptenoic Acid. Compound With Piperazine (2:1 ) 

m.p. 91— 94*> (dec.) from Intermediate 33b. IR (CHBtj) 1 738 cm-^ 

fl t1 a{Z),2^,5a]-(±)-7-[5-[[4'-methoxy(1 .1 '-biphonyiM-yllmethoxy]^xo-2^4- 
5 thiomorphollnyf)cyclopentyl]-4-heptenoic Acid, S-dioxide 5 
from Intemiedlate 1 2q. Purification by chromatography using 98-.2 ER-methanol as eluent TLC 95:5 
ER-methanol Rf 0.46. IR (CHBrg) 3480, 1 740, 1710 cm-'. 

g) [1 a(ZUi8,5a]-(±)-7-[5-[[4'-methoxy(1 ,1 '-biph8nyl)-4-yl]mothoxy]-3-oxo-2-(1 - 
piperidinyl)cyclopentyl]-4-heptenoic Acid, Compound With Piperazine (2:1 ) 
1 0 m.p. 68—76° (dec.) from Intermediate 1 2v. IR (CHBrg) 1 740 cm ^ 10 

Example 5 - 

[1 £r(Z).2^,5a:]-(±J-7-[5-[[4'-methyl(1 ,1 '-biphenyt)-4^l]methoxy]-2-(4-morphollnvl)-3- 
" oxocyclopentyi]-4-heptenoic Acid 

A solution of Intermediate 1 8 (928 mg) In acetone (30 ml) was stirred with Jones reagent (2.67 
16 M; 1 .5 ml) at -5*^ to -3** for 40 min. Isopropanol (1 .5 ml) was added and after stlnlng for 5 min, the 15 
tnlxture was poured into pH 6 phosphate buffer (100 ml) and extracted with ER (3x50 ml). The 
combined extracts were evaporated and the residue taken Into ER and dried; evaporation of this 
ethereal solution gave a foam (840 mg) which was purified by chromatography on acid-washed silica 
gel (85 g) using ER as eluent Crystallisation from ER-isopentane at 0® gave the titfe compound {0J26 
20 g) of m.p. 98—1 02*'. IR (CHBrJ 3500, 1 740, 1710 cm'^- 20 

Analysis Found: C, 72.9; H, 7.6; N, 2.9 

C30H37NO5 requires: C, 73.3; H, 7.6; N, 2.9% 

Example 6 

[Ta(Z),2^.5al-(±)-7-[5-[[4'-methoxy(1,l'4)lphenyl)-4-yl]methoxy]-2M4-morphollnyl)^^ 
25 oxocyclopentyi]-4-heptenoic Acid, Compound With Piperazine (2:1) 25 
Jones reagent (0.883 ml, 2.7 M) was added to Intermediate 21 (600 mg) in acetone (25 ml) at 
—1 0" and stirred for 45 min at 1 0°. The mixture was neutralised by (25 ml) dropwise addition of 2N 
aqueous HafiO^ and then poured Into Na2HP0yKH3p04 buffer solution (pH 6). The mixture was 
extracted with CHjCI^ (3x50 ml) and the combined extracts dried, filtered and evaporated. The residue 
30 was chromatographed on acid washed silica using 1 :1 through to 3:1 ER-PE (b,p. 60 — 80**) as eluent 30 
to give an oil, which was dissolved in ER and treated with an excess of piperazine In ER to give the irUe 
compound as a solid (0.1 2 g), m.p. 1 1 6—1 1 7*» (dea). 

Analysis Found: C, 69,7; H, 7.6; N, 5^ 

CaaH^NjOe requires: C, 69.8; H, 7.7; N, 5.1% 

35 Example 7 ^ , n ^ 36 

[1 a(Z),2^,5a]-(±)-7-[5-[[(1 ,1 '4)iphenyl)-4-yl]methoxy]-2-(4-morpholliiyl)-3H>xocyclopefrtylJ^ 
heptenotc Acid, Compound With Piperazine (2:1), Hemihydrate 

To a solution of Example 1 a (0.37 g) in dry ER (20 ml) was added piperazine (0.037 g) In dry ER 
(4 ml). The ER was decanted off and the residue crystallised from CH^CIj-lsopentane to give the tide 

40 co/rpo£i/»</(0.2g)m.p. 113— 114^ 40 

Analysis Found: C, 70.9; H, 7.7; N, 5.4 

C3,H4jMj05. 1/4 H^O requires: C, 70.9; H, 7.7; N, 5.4% 

Example 8 

[1 a(ZL2p,5crl-(±)-7-[5-[[(1 ,1 '.biphenyl)-4-yl]methoxy]-2-(4-morpholinyl)-3-oxocyclopentyll-4- 
45 ' heptanoic Acid, Calcium (2+) (2:1 ), Monohydrate 45 
Aqueous 0.2N.NaOH (2 ml) was added dropwise with starring to a solution of Example 1 a (0.25 g) 
In aqueous acetone (1 :1 ), (1 0 ml) at room temperature until the pH reached 7.8. 7.2% w/v CaQj (1 ml) 
was then added followed by water (1 0 ml) and stinging continued for 2 h. The solid was filtered off, 
washed with water (5 ml) followed by ER (10 ml) and dried (35*>/0.05 mm Hg^ h) to affonj the dde 
50 co/rpot//7</(0.163g),m.p. 132— 134**, 50 

Analysis Found: C, 69.1; H, 6.8; N, 2.6; Ca, 3,9 

CgaHoaNaO^Ca . H2O requires: C, 68.9; H, 7.0; N, 2.8; Ca, 4.0% 

Example 9 

[1 a(Z),2j5,5d-(±)-7-[5-[[(1 ,1 '-biphenyl)-4^]methoxy]-2-(4-morpholiny!)-3-oxocyclopentyll-4- 
55 heptenoic Acid, Calcium (2+) (2 :1 ), Trihydrate 55 
Aqueous calcium acetate solution (0.1 7 g in 12 ml) was added dropwise with stirring to a 
solution of Example 1 a) (0.6 g) and Na HCOa (0.106 g) In aqueous ethanol (1 :1 , 24 ml). The mixture 
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was stirred for 30 min when the solid was filtered off. washed with water ( 1 0 ml) followed by ER (5 ml) 
and dried (45°/200 mm Hg/4 h) to afford the Utle compound (0.56 g), m.p. t SS"" (dec). 

Analysis Found: C, 66.2; H, 6.9; N, 2.6; Ca, 3.6 

CBaHBsNaOioCa.SHaO requires: C, 66.5; H, 6.9; N, 2.7; Ca, 3.8% 

5 Example 10 5 
[1 a{Z),2^,5a]-(±)-7-[5-[[(1 A '-biphenyl)-4-yl]methoxy]-2-(4-morpholinyl)-3-oxocyctopentyl]-4- 
heptanoic Acid, Compound With N,N-dimethylpiperazine (2:1) 

A solution of Example 1 a) (0.35 g) in ER (25 ml) was treated with a solution of N«N- 
dimethylpiperazine (0.084 g) in ER (5 ml) and the mixture was allowed to stand in the cold. The titie 
1 0 compound W33 filtered off and dried (0.33 g), m.p. 1 06 — 1 08°. 1 0 

Analysis Found: C, 71.9; H, 7.9; N, 5.1 

CaaH^aNaOg requires: C, 71.9; H, 7.9; N, 5.2% 

Example 11 

a) [1 R-[1 a(Z).2B,5a]]-(~)-7-[5-[[(1 A '-biphenyl)-4^]methoxy]-2-44-morpholinyi)-3- 

1 5 oxocyclopentylJ-4>heptenolc Acid 1 5 

Jones reagent (1 .83 ml, 2.67 M) was added to a stirred mixture of 'hyflo' (4.8 g) and the free 
base of Intermediate 47 a) (1 .2 g) in acetone (40 ml) at 5*^ and stirring was continued for 40 min. 
Isopropanol (1 .8 ml) was added dropwise and after 1 0 min the hyflo was removed by filtration and was 
washed with acetone (30 ml) and pH 5 buffer (50 ml, KH2PO4 and NajHPO^ in water). The combined 

20 filtrates were evaporated in vacuo at 1 0 — 1 5° to remove most of the acetone. The residue was diluted 20 
with pH 5 buffer (25 ml) and extracted with ER (4x50 ml). The combined extracts were eashed with pH 
5 buffer (20 ml) and brine (20 ml), then dried and evaporated to give an oil. The oil was 
chromatographed on silica using ER as eluent to give a solid (0.58 g) which was reciystallised from'2:1 
ER-isopentane (15 ml) to gh^e the tide compound {0 ABA g), m.p. 86 — 88''. [a]^^-^=»-1 3.66° (CHCy. 

26 Analysis Found: C, 72.5; H. 7.5; N, 2.7 25 

C29H35NO9 requires: C, 72.9; H, 7.4; N, 2.9% 

The following compound was prepared starting from Intermediate 35, in a similar manner to the 
preparation of the 1 R compound: 

b) [1 S-[1 a(Z),2&5ar]]-(+)-7-[5-[[(1 A '-biphenyl)-4-yi]methoxy]-2-(4-morphoiinyl)-3- 

30 oxocyctopeittylJ-4-heptenoic Acid 30 
m.p.81— 84^ 

Analysis Found: C, 72.8; H, 7,3; N, 2.7 

C29H3BNO5 requires: C, 72.9; H, 7.4; N, 2.9% 

Example 12 

35 [1a(Z),2j3,5a]-(±)-7-[2-(4-morpholinyl)<^xo-5-[(2-i)henyilhien-4-y^ 35 
heptenoic Acid 

A solution of DMSO in dry toluene (1 .46 ml, 1 .41 M) was added dropwise to a solution of oxalyl 
chloride in dry toluene (1 .8 mM .1 5 M) at —70** under nitrogen and the mixture stin-ed for 1 5 min. 
Simultaneously, a solution of Intermediate 50 (0.4 g) in dry toluene (4 ml) was treated with a solution 

40 of triethylamlne in dry toluene ( 1 . 1 3 ml, 0.8 M) followed by a solution of trimethylsilyl chloride In dry 40 
toluene (1 .07 ml, 0.085 M). After stirring at room temperature for 1 0 min the mixture was added to the 
above prepared solution of activated DMSO and stim'ng continued for 30 min. Triethylamine (2 ml) in 
toluene (5 ml) was added and after a forther 30 min the mixture was treated with 1 M aqueous KH2PO4 ' 
(20 ml) and extracted with ether (3x20 ml). The combined extracts were washed with water (50 ml), 

45 brine (30 mi) and then dried. After evaporation in vacuo the residue was chromatographed on silica ^ 45 
using 2:1 EA-PE (b.p. 60 — 80°) as eluent to give the tide compound as a solid (0.27 g). Crystallisation' 
from ER-isopentane at —1 0° gave material of m.p. 52 — ^55*'. IR (CHBrs) 3500, 1 735, 1 703 cm'*^ 

Example 13 

[1 R-[1 ar(Z),2^.5a]]-(-)-7[5-[[1,1 '-blphenyl)-4-yl]methoxy]-2-(4-morpholinyl)-3-oxocyclopentyi]- 
50 4-heptenoic Acid, Calcium (2+) (2:1), Dihydrate 50 
Aqueous calcium acetate solution (0.083 g in 4.8 ml) was added dropwise with stirring to a 
solution of Example 1 1 (0.25 g) and NaHCOs (40 mg) in aqueous ethanol (1 :1, 9.6 ml). The mixture 
was stln-ed at room temperature for 2 h when the solid was filtered off, washed with water and dried 
(20*^/0.1 mm Hg/20 h) to afford the dde compound {0,23 g), m.p. 12&— 1 31 laJg'==-28.47*' 
55 (CHCg. 55 
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Analysis Found: C, 67.4; H, 6.8; N, 2.7; Ca, 3.5 

CssHeaNiOioCa . 2H2O requires: C, 67.7; H, 7.0; N, 2.7; Ca, 3.9% 

Pharmaceutical Examples 
Tablets 

These may be prepared by direct compression or wet granulation. The direct compression 
method is preferred but may not be suitable in all cases as it is dependent upon the dose level and 
physical characteristics of the active ingredient 



10 



A, Direct Compression 
Active ingredient 
Microcrystalline cellulose B.P.C. 
Magnesium stearate 

Compression v^elght 



mg/Tabiet 
100.00 
298.00 
2.00 
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400.00 



The active ingredient is sieved through a 250 m~^ sieve, blended with the excipients and 
Qompressed using 1 0.0 mm punches. Tablets of other strengths may be prepared by altering the 
\ 5 compression weight and using punches to suit 



IS 
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B. Wet Granuiation 
Active ingredient 
Lactose B.P. 
Starch B.P. 

Pregeiatinised maize starch B.P. 
Magnesium stearate B.P. 

Compressed weight 



mg/Tablet 
100.00 
238.00 
40.00 
20.00 
2.00 



20 



400.00 



25 
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The active ingredient Is sieved through a 250 m~* sieve and blended with the lactose, starch and 
pregeiatinised starch. The mixed powders are moistened with purified water, granules are made, dried, 
screened and blended with the magnesium stearate. The lubricated granules are compressed into 25 
tablets as described for the direct compression formulae. 

The tablets may be film coated with suitable film forming materials, e.g. methyl cellulose or 
hydroxylpropyl methyl cellulose using standard techniques. Altematively the tablets may be sugar 
coated. 



Capsules 
Active ingredient 
♦STA-RX1500 
Magnesium stearate B.P. 



mg/Capsuie 
100.00 
99.00 
1.00 
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Fill weight 200.00 mg 

*A form of directly compressible starch suppliml by Colorcom Ltd., Orpington, Kent 35 

The active ingredient is sieved through a 250 m~® sieve and blended with the other materials. The 
mix is filled Into No. 2 hard gefatin capsuies using a suitable filling machine. Other doses may be 
prepared by altering the fill weight and if necessary changing the capsule size to suit 
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Inhalation Cartridges 
Active ingredient (micronised) 
Lactose B.P. to 



/Cartridge 
3 mg 
25 mg 



40 



The active ingredient is micronised so that the majority of the particles are between 1 m~^ and 5 
m^ in longest dimensions and none are greater than 1 0 trr^. The active ingredient is then blended 
with the lactose and the mix is filled into No. 3 hard gelatin capsules using a suitable filling machine. 
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Suspensions 
Active ingredient 
Aluminium monostearate 
Sucrose (powdered) 
Flavour 1 
Colour / 

Fractionated coconut oil to 



mglSmlDose 
100.0 
75.0 
125.0 

as required 
5.00 ml 



45 
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The aluminium monostearate is dispersed in about 90% of the fractionated coconut oil. The 
resulting suspension is heated to 11 5^C while stimng and then cooled. The flavour and colour are 
added and the active ingredient and sucrose are suitably dispersed. The suspension is made up to 
volume with the remaining fractionated coconut oil and mixed. 

5 InjecUon for Intravenous AdminisUation g 

Active ingredient 50 mg 

Suitable vehicle to 5 ml 

A sterile presentation of the active ingredient in an ampoule or vial together with an ampoule 
containing a suitable vehicle. The former may be prepared by (a) filling sterile material into vials under 
1 0 aseptic conditions (b) freeze drying a sterile solution of the active ingredient under aseptic conditions. \ q 
The vehicle may be (a) Water for Injections B.P. (b) Water for Injections B.P. containing: ( 1 ) 
Sodium chloride to adjust the tonicity of the solution and/or (2) buffer salts or dilute acid or alkali to 
facilitate solution of the active ingredient. 

The vehicle is prepared, clarified and filled into appropriate sized ampoules sealed by fusion of the 
1 5 glass. The vehicle Is sterilised by heating In an autoclave using one of the acceptable cycles. \ 5 

* 

Claims 

1. Compounds of the general formula (1) 

ID 

wherein 

20 X is cis or trans — CH=CH — : 20 

Is straight or branched C,^^ allcyl bearing as a tenminal substltuent — COOR' where R'' Is a 
hydrogen atom, C,_6 allcyl or C^.^o aralkyi; 

Y represents a saturated heterocyclic amino group which has 5 to 8 ring members and (a) 
optionally contains in the ring — 0 — , — S — , — SOj— — NR* (where R* is a hydrogen atom. C,.^ allcyl 
26 or aralkyi having a C^^ alkyi portion; and/or (b) Is optionally substituted by one or more C,^ alkyi 25 
groups; 

R^ is (i) alkanoyl; (ii) 03.3 alkenyl, optionally substituted by phenyl (the phenyl being 
optionally substituted by C,_4 alkyi, C,_4 alkoxy, halogen, C^^ cycloalkyi or phenyl (C,_4) alkyi), 
biphenyl (optionally substituted by C,.^ alkyi, alkoxy or halogen), or naphthyl; (iii) C^_„ alkyi; (IV) 

30 J5 alkyi substituted by (a) phenyl [optionally substituted by halogen, hydroxy, C,_e a^^y^ ^i-e alko^» 30 
C,_4 hydroxyalkoxy, trifluoromethyl, cyano, aryloxy, C^.^ cycloalkyi, aralkoxy, dimethylaminomethyl. 
carboxamldo (— CONH J, thiocartioxamido (— CSNH^), C,.^ alkanoyl, — NR^R^ (where R^ and R« are the 
same or different and are each a hydrogen atom or alkyi, or where — NR W is a saturated 
heterocyclic amino group as defined above for Y), C,_3 alkylthio, C^_^ alkylsulphinyl, 

36 alkylsulphonyl, phenylalkyi having a C^_3 alkyi portion, aminosulphonyl, C|_3 alkanoylamlnosulphonyl, 35 
phenylsulphonyl (the phenyl portion being optionally substituted by C^_3 allcyl orC,„3 alkoxy), nitro, or 
thienyl], (b) thienyl or furanyl (the thienyl and fiiranyl groups being optionally substituted by C,^e alkyi, 
C,_6 alkoxy, aryi or phenyl (C^^a) alkyi or phenyl {C^_^ alkoxy (the aryl or phenyl group in each case 
being optionally substituted by Cy_^ alkyi, C,_3 alkoxy or halogen), aryloxy. cycloalkyi, halogen, 

40 nitro or thienyl], (c) biphenyl (optionally substituted by phenyl or one or two C,^ alkyi, C,_4 alkoxy, " 40 
halogen substituents), or (d) naphthyl (optionally substituted by C,^ alkyi, C|_4 alkoxy or halogen); 
and the physiologically acceptable salts and the solvates thereof. 

2. Compounds as claimed In Claim 1 in which Y Is morpholino, dioxothlamorpholino, 
homomorpholino, thiamorpholino or piperidino. 

45 3. Compounds as claimed in Claim 1 or Claim 2 In which X Is cis — CH=CH — . 45 

4. Compounds as claimed In any one of the preceding claims In which R' is — (CHJ^COOR^ 
where R^ is a hydrogen atom or C^_3 alkyi. 

5. Compounds as claimed In any one of the preceding claims in which R^ is phenyl (C^^a) alkyi in 
which the phenyl group is substituted by C|_3 alkylthio, thienyl, or phenyl (optionally substituted by 

50 C,_3 alkyi, C,_3 alkoxy, halogen or phenyl); phenylthienyl alkyi; or cinnamyl. 50 

6. Compounds as claimed in Claim 5 in which R^ is phenyl (C,.,) alkyi In which the phenyl group 
Is substituted by phenyl, C^^3 alkylphenyl, C^.3 alkcscyphenyl or halophenyl; phenyltfiienyl (C,.,) alkyi; or 
cinnamyl. 
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7. Compounds as claimed in Ciaim 1 1n which: 
Xiscis— CH=CH— ; 

R^is— {CHjjaCOOH; 

Y is morpholino or piperidino; 
5 Is phenyl (C,_3) alkyi In which the phenyl group Is substituted by phenyl C,.3 alkylphenyl, C,^3 5 

alkoxyphenyl or halophenyl; phenylthienyl (C,.3) alkyI; or cinnamyl; 
and the physiologically acceptable salts and solvates thereof. 

8. Compounds as claimed in any of the preceding claims in which the carbon atom carrying the 
— (CHjlaXR^ group Is in the R-configuration. 

10 9. Compounds as claimed in Claim 1 , said compounds being [1 a(Z),2^,5al-(+)-7-[5-Ill 1 .V- 10 

blphenyl)-4-yl]methoxy]-2-|4-morphollnyl)-3-oxocyclopentyl]-4-heptenoic acid and the physiologically 
acceptable salts and solvates thereof. 

1 0. Compounds as claimed In Claim 1 , said compounds being 1 1 R-[1 a(Z),2^,5al]-(-)-7-l5- 
* [[(1,1 '-blphenyl-4-yl]methoxy]-2-|4-morpholinyl)-3-oxocyclopentyl]-4-heptenoic acid and the 

15 . physiologically acceptable salts and solvates thereof. 15 

1 1 . The calcium salts of the compounds claimed in Claims 9 and 1 0. 

1 2. A pharmaceutical composition comprising a compound as claimed in any one of the 
. preceding claims together with one or more pharmaceutical carriers. 

1 3. A process for the preparation of a compound as claimed in Claim 1 which comprises: 

20 (a) oxidising a compound of fbnmula (2) 20 




in which R^« Is a straight or branched alkyI group substituted by — COOR^— CH2OH or— CHO; 

(b) in the preparation of a compound In which R^ is alkyi or aralkyl esterifying the corresponding 
compound in which R^ is a hydrogen atom; 
25 (d) reducing a corresponding compound In which X is an acetylene group; or 25 

(e) in the preparation of a salt treating a compound as claimed in Claim 1 with an acid or (where 
R^ is a hydrogen atom) with a base,,or converting one salt into another by exchange of cation. 

1 4. (impounds as claimed In Claim 1 , said compounds being the title compounds of any one of 
the Examples herein. 

30 1 5. A pharmaceutical composition comprising a compound as claimed in any one of Claims 9 to 30 

1 1 together with one or more pharmaceutical carriers. 

1 6. A phanmaceutical composition as claimed in Claim 1 5 in unit dosage form. 

1 7. A pharmaceutical composition substantially as described in any one of the pharmaceutical 
examples herein in which the active ingredient is a compound as claimed in any one of Claims 9 to 1 1 . 
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